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Abnormal motor functions are a highly prevalent, early onset and persistent 
feature of Autism Spectrum Disorder (ASD), and are increasingly being 
considered an additional core symptom of this neurodevelopmental 
disorder.  This includes atypical gait, a gross motor disturbance that has 
recently been added as an associated clinical feature of the ASD diagnosis in 
DSM 5.  Prior research suggests that in relation to their typically developing 
(TD) peers, children with ASD may display a unique profile of spatiotemporal 
gait disturbances marked by shorter, wider strides at a slower pace and with 
greater difficulty maintaining a straight-line trajectory.  However, findings to 
date have been inconsistent and limited by methodological discrepancies 
across studies.  Additionally, the relationship between gait and clinical 
characteristics that are closely aligned with motor functioning, including 
differences in the profile of language skills, intellectual ability and severity of 
ASD symptomology, remains largely unexamined.  A better understanding of 
these relationships may provide an insight into which children are most at 
risk of gait disturbances and may benefit from targeted intervention, as well 
as illustrate how gait disturbances may impact upon other functional 
domains. 
There were two overarching aims for this thesis.  The first was to assess and 
define the spatiotemporal gait profile in children with ASD.  This was 
performed by using the Zeno electronic walkway to examine for quantitative 
differences in the gait profile between a well-defined sample of 16 children 
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with ASD aged between 6 and 11 years, and a sample of 14 TD children of 
similar demographic, anthropometric and cognitive characteristics.  The 
second aim of this thesis was to examine the clinical correlates of gait 
function, specifically the relationship between gait function and the profile of 
language skills, intellectual ability and severity of ASD symptomology.  The 
results suggested that in comparison to their TD peers, children with ASD 
demonstrated disturbances in gait including reductions in stride length, 
increased lateral veering and duration of time with both feet planted, as well 
as greater difficulties with tandem-gait performance.  Further investigation 
of gait function suggested that children with poorer language abilities and 
higher ratings of ASD symptom severity also tended to show more 
pronounced difficulties with tandem-gait performance.  Given the small 
sample size, these results should be interpreted with caution and replication 
is required.  Collectively however, the results of this thesis provide additional 
support for the use of instrumental gait analysis to measure quantitative 
differences in the motor profile of children with ASD in comparison to their 
TD peers.  They also suggest that tandem gait performance may be a 
sensitive marker of motor disturbance in children with ASD.  Furthermore, 
they suggest that those children with poorer language ability and greater 
ASD symptom severity may be at increased risk for gait disturbances, and 
thus may benefit from targeted intervention to address this gross motor 






      
 
Autism Spectrum Disorder (ASD) is a complex, heterogeneous 
disorder that is characterised by disturbances in social communication and 
interactions, combined with patterns of repetitious behaviours and restricted 
interests (American Psychiatric Association [APA], 2013).  These core 
symptoms of ASD may emerge from as young as 12 months of age 
(Zwaigenbaum, Bryson, & Garon, 2013), although often remain undetected 
until the social demands placed upon the individual override their diminished 
capacity to cope (Lai, Lombardo, Chakrabarti, & Baron-Cohen, 2013).   
The median age of ASD diagnosis ranges from 55 months (Brett, 
Warnell, McConachie, & Parr, 2016) to 82 months (Williams, Thomas, 
Sidebotham, & Emond, 2008), and may be influenced by variables including 
parental socio-economic status as well as degree of concern regarding initial 
symptoms (Daniels & Mandell, 2014).  It is a neurodevelopmental disorder 
that can be associated with severe functional consequences.  This includes 
reduced quality of life (Lee, Harrington, Louie, & Newschaffer, 2008; van 
Heijst & Geurts, 2015), increased parental or caregiver stress (Hayes & 
Watson, 2013), plus low rates of independent living (Billstedt, Gillberg, & 
Gillberg, 2005) and participation in higher education and employment 
(Shattuck et al., 2012).   
The clinical presentation of ASD is influenced by multiple factors.  This 
includes the presence of a comorbid intellectual disability (ID), which is 
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apparent in approximately 49% of cases (Carlsson et al., 2013), and is 
typically associated with greater social isolation (Liptak, Kennedy, & Dosa, 
2011) and poorer daily living skills (Smith, Maenner, & Seltzer, 2012).  
Comorbid psychiatric disorders are also observed in the majority of 
individuals with ASD, with studies suggesting rates of comorbidity ranging 
from 70 to 90% (Salazar et al., 2015; Simonoff et al., 2008).  Variability in the 
expression of socio-communicative disturbances and restrictive and 
repetitive behavioural symptomology is substantial (Lai, Lombardo, & Baron-
Cohen, 2014), meaning the developmental course and outcomes of this 
disorder can be highly varied and difficult to predict (Waterhouse, London, & 
Gillberg, 2016).  For instance, the absence of a comorbid ID alongside ASD in 
childhood is considered to result in better functional outcomes in adulthood 
(Anderson, Liang, & Lord, 2014).  Conversely, some studies have 
demonstrated that even in children with ASD without a comorbid ID, up to 
25% may demonstrate a significant functional decline and may no longer be 
able to be assessed on age appropriate cognitive measures by adulthood 
(Howlin, Savage, Moss, Tempier, & Rutter, 2014).   
Due to the complex and heterogeneous presentation of ASD, a 
multidisciplinary approach to assessment involving paediatricians, speech 
pathologists and clinical psychologists is required to confirm the diagnosis 
(Bent, Dissanayake & Barbaro, 2015).  Standardised instruments including 
the Autism Diagnostic Interview - Revised (ADI-R; Lord, Rutter, & Couteur, 
1994) and the Autism Diagnostic Observation Schedule - Second Edition 
(ADOS-2; Lord, Rutter, DiLavore, & Risi, 2012), are available to assist 
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clinicians with this process (Falkmer, Anderson, Falkmer, & Horlin, 2013).  In 
the future with advances in research, the identification of more objective, 
reliable biomarkers will be an important adjunct to current clinical diagnostic 
methods (Beversdorf, 2016; Damiano, Mazefsky, White, & Dichter, 2014), 
through enabling earlier identification and targeted intervention (Ruggeri, 
Sarkans, Schumann, & Perisco, 2014).  There is growing consensus that the 
discovery of such markers will require a better understanding of ASD across a 
broader array of functional dimensions, neural networks and neurobiological 
processes (Amaral et al., 2017; Volkmar & McPartland, 2016). 
Although not formally recognised as part of the core diagnostic 
criteria, motor skills are commonly affected in ASD (Fournier, Hass, Naik, 
Lodha, & Cauraugh, 2010).  Disturbances in motor functioning can be 
observed prior to the onset of core socio-communicative disturbances 
(Fabbri-Destro, Gizzonio, & Avanzini, 2013) and appear to be persistent in 
course (Travers et al., 2017).  The motor networks of the brain are also 
considered to be more localised and easily delineated in comparison to the 
systems involved in complex cognitive and communicative functions 
(Bernard & Mittal, 2015; Dowd, Rinehart, & McGinley, 2010; Minshew, Sung, 
Jones, & Furman, 2004; Rinehart, 2009).  Likewise, motor functions are more 
readily assessable in a quantitative and reliable manner than socio-
communicative symptoms (Fakhoury, 2015).  These properties provide a 
clear rationale for the utility of motor abnormalities as a potential marker for 
ASD (Esposito & Pasca, 2013; Leary & Hill, 1996), and a point from which to 
explore for phenotypic differences within the autism spectrum (Barbeau, 
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Meilleur, Zeffiro, & Mottron, 2015; Radonovich, Fournier, & Hass, 2013).  As 
such, this thesis sought to further examine gait function as a putative point 
of difference in children with ASD in comparison to their TD peers.   
Atypical motor functioning is unlikely to occur in isolation and 
separate from the influence of other functional and developmental domains 
(Gillberg, 2010; Leonard & Hill, 2014).  Rather, the development of motor 
skills is interrelated with the development of skills in other areas, in 
particular with language and cognition (Campos et al., 2000; Iverson, 2010).  
Therefore, enhanced understanding of how specific motor disturbances may 
be associated with other clinical variables such as differences in the profile of 
language skills, cognitive ability and profile of ASD symptomology, may allow 
earlier identification and targeted interventions for those at risk of adverse 
developmental outcomes (Grace, Enticott, Johnson, & Rinehart, 2017; 
Leonard & Hill, 2014).  Accordingly, this thesis also sought to examine how 
differences in gait function may also be associated with differences in other 
domains such as in language and cognition.  
The structure of this thesis will be as follows.  In Chapter 1, 
background information on ASD is presented to introduce this disorder and 
provide context for the following chapters.  This will include sections on the 
history of the disorder as well as the evolution of the clinical diagnosis 
through to the current diagnostic criteria.  The final section of this chapter 
contains a discussion on the challenges posed by heterogeneity in ASD, and 
the need to integrate objective methods of assessment with a dimensional 
approach to diagnosis.   
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In Chapter 2, the literature on atypical motor function in ASD is 
examined.  This chapter will include sections on fine and gross motor 
disturbances, atypical motor function across the lifespan, as well as the 
relationship between motor disturbances and other elements of behavioural, 
cognitive and functional impairment.  In the final section of Chapter 3, a 
discussion is presented on the role that the assessment of motor symptoms 
might play in the clinical diagnostic process. 
In Chapter 3, the focus will be on “odd gait”, a specific motor 
behaviour newly referenced within the clinical description of ASD in the 
Diagnostic and Statistical Manual of Mental Disorders - Fifth Edition (DSM 5; 
APA, 2013, p. 55), and the primary neuromotor function of interest in this 
thesis.  This chapter will include sections reviewing early clinical accounts of 
atypical gait in ASD, as well as an examination of the various methodological 
approaches used to assess gait.  Chapter 3 will also present an updated 
review of the literature on the use of instrumental gait analysis in ASD. 
In Chapter 4, a discussion on the role of language in ASD is presented.  
This chapter will include sections examining the changes made to the 
diagnostic implications of language in the DSM 5, and on the different areas 
of language that are variably affected in ASD including receptive, expressive 
and structural language.   
In Chapter 5, a discussion on the relationship between motor and 
language abilities is presented.  This chapter will include a section that 
examines the co-occurrence of motor and language difficulties in children 
with and without ASD. Chapter 5 will also feature a discussion on possible 
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explanatory mechanisms for this association.  This will include the role of 
common neurological anomalies, the presence of a developmental cascading 
effect between motor and language function, and the relationship between 
ASD symptom severity and both motor and language function. 
In Chapter 6, the rationale, aims, and hypotheses for this thesis are 
presented.  The first aim of this thesis was to examine for quantitative 
differences in the motor profile of children with ASD and TD children using 
instrumental gait analysis.  The second aim was to explore the relationship 
between gait and other functional domains including language, cognition and 
the severity of ASD symptomology.     
In Chapter 7, all aspects of the methodology employed in this thesis 
are detailed, covering participant recruitment and characteristics, measures, 
procedures and statistical analyses. 
In Chapter 8, the first part of the results are presented, specific to the 
first aim of this thesis and involving a series of between-groups comparisons 
of gait function in children with and without an ASD diagnosis.   
In Chapter 9, the second part of the results are presented, specific to 
the second aim of this thesis and involving a series of correlational analyses, 
which examined the relationship between gait function and clinical measures 
of language, intellectual ability and severity of ASD symptomology. 
The final chapter of this thesis, Chapter 10, will contain a discussion of 
the results presented in Chapter’s 8 and 9, in relation to the aims and 
hypotheses presented.  Chapter 10 will also present a discussion on the 
clinical implications of the findings from this thesis, and conclude with a 
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CHAPTER 1: AUTISM SPECTRUM DISORDER 
 
 
1.1 Historical Accounts of Autism Spectrum Disorder 
The diagnostic description and understanding of ASD has evolved 
over many decades, commencing from the initial case series on Autistic 
Disturbances of Affective Contact by Austrian-American child psychiatrist Leo 
Kanner in 1943.  In this work, Kanner (1943) detailed a group of eight boys 
and three girls whom displayed a pattern of behavioural, social and 
communicative abnormalities that he considered to reflect a previously 
unrecorded syndrome.  Among the key observations he made was that each 
child appeared to possess a fundamental “inability to relate themselves in 
the ordinary way to people and situations from the beginning of life” 
(Kanner, 1943, p. 242).  He reported an inherent obsessiveness and complete 
absorption by routine, delays in language development combined with 
linguistic irregularities including echolalia and pronoun reversal, plus an 
affinity for repetitious and stereotyped behaviours.  Alongside the 
aforementioned developmental abnormalities, he drew attention to shared 
anomalies in the motor profile, specifying that “several of the children were 
somewhat clumsy in gait and gross motor performances” (Kanner, 1943, p. 
248). 
In 1944, one year after Kanner’s seminal paper on autism, Viennese 
paediatrician Hans Asperger published his own case series entitled Die 
Autistischen Psychopathen im Kindesalter (or Autistic Psychopathy in 
Childhood as translated from German to English).  In reviewing Asperger’s 
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original recordings, Verhoeff (2013) describes a group of four boys whom 
also displayed an abnormal developmental profile marked by deficits within 
social interactions and reciprocity, strictly defined interests, poor fine and 
gross motor abilities plus rigid and overly formal mannerisms of speech.   
As highlighted by Baron-Cohen (2015), in spite of the close proximity 
of publication and similarities in the case studies of Kanner and Asperger, the 
fact that Asperger’s work was published in German would see it go largely 
unrecognised for almost three decades by the English-speaking scientific 
community.  During this period, Wing and Gould (1979) conducted a seminal 
study examining the co-occurrence of impairments in social interaction, 
abnormal language skills and stereotypical behaviours, in a population-based 
sample of developmentally challenged children.  They observed that these 
children could be categorised according to the presence and type of atypical 
social interactions (aloof, passive and odd), and the presence or absence of 
an ID.  Importantly, Wing and Gould (1979) noted that the presence and 
severity of repetitive behaviours and language disturbances varied in a 
continuous rather than discrete manner across these groups of children.   
Two years later Wing (1981) furthered this work by reintroducing and 
expanding upon the original cases of Asperger, with her own case series on 
children with what she referred to as having Asperger’s syndrome.  Within 
this work Wing highlighted the shared issues with social interaction, 
communication and repetitive behaviour that these children with Asperger’s 
syndrome had, as did children with what Kanner (1944) referred to as early 
infantile autism.  Accordingly, Wing suggested that rather than being distinct 
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entities, Asperger’s syndrome and early infantile autism formed a “spectrum 
of autistic disorders” (Wing, 1988, p. 92).  Wing (1993) later refined the 
definition of the autistic spectrum to encompass a group of developmental 
disorders united by impairments in social interaction, communication and 
repetitive behaviours, but with varying levels of severity, intellectual ability 
and co-occurring pathology.  
 
 
1.2 Evolution of Autism Spectrum Disorder in the DSM 
What is now termed Autism Spectrum Disorder first appeared as an 
infantile autism diagnosis within the third edition of the DSM (APA, 1980).  
The delay between this inclusion and Kanner’s paper in 1943 was the product 
of multiple factors.  This included confusion as to whether autism was 
distinct from childhood schizophrenia, or reflected an early manifestation of 
the latter (Kanner, 1949; Rutter, 1968).  Within modern recounting of this 
period by Tsai and Ghaziuddin (2014) and Verhoeff (2013), both authors 
suggest that this confusion was compounded by Kanner’s use of the term 
autism.  Specifically, this term was at the time synonymous with 
schizophrenia, and commonly used to describe the inner withdrawal typical 
of this condition.  Causing further delay were frequent revisions to the 
proposed diagnostic criteria (Rutter, 1978), plus a shifting degree of 
emphasis placed upon various identifying features and age of onset criterion 
(Eisenberg & Kanner, 1956; Kanner, 1973; Kolvin, 1971).   
4 
 
The infantile autism diagnosis featured under the newly implemented 
Pervasive Developmental Disorders (PDD) category in DSM-III (APA, 1980).  
The PDD category included conditions that were characterised by early onset 
disturbances in socio-communicative abilities without associated thought 
disorder (Waterhouse, Wing, Spitzer, & Siegel, 1992).  A diagnosis of infantile 
autism in DSM-III necessitated an onset prior to 30 months in age, plus 
deficits in; responsiveness to others, language development, peculiar speech 
patterns, atypical interactions with one’s environment and absence of 
perceptual disturbances as seen in schizophrenia (APA, 1980).  Within the 
DSM-III-R (APA, 1987), the diagnosis was relabelled Autistic Disorder and 
diagnostic criteria expanded to 16 items, under the three categories of 
impairments in reciprocal social interaction, verbal and nonverbal 
communication, and restriction of activities and interests.  The age of onset 
criterion was relaxed to early childhood, with the ability to specify if onset 
occurred prior to three years of age.  
With the release of DSM-IV (APA, 1994) followed by the DSM-IV-TR 
(APA, 2000), the number of diagnostic criteria for Autistic Disorder was 
reduced to 12 items (Tsai & Ghaziuddin, 2014).  The diagnosis remained 
similar through retaining the clinical description of a triad of impairments in 
social interaction, social communication plus restricted and repetitive 
behaviours (Achkova & Manolava, 2014).   Also included in DSM-IV and DSM-
IV-TR under the PDD umbrella, and sharing this triad of symptoms, were the 
separate diagnoses of Asperger’s Disorder and Pervasive Developmental 
Disorder - Not Otherwise Specified (PDD-NOS).  These same diagnoses also 
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featured under the PDD umbrella within the other major diagnostic 
taxonomy, the tenth version of the International Classification of Diseases 
and Related Health Problems (ICD-10; World Health Organization [WHO], 
1992). 
Within DSM-IV (APA, 1994) and DSM-IV-TR (APA, 2000), Asperger’s 
Disorder was differentiated from Autistic Disorder by the absence of a delay 
in language and/or cognitive development.  The PDD-NOS diagnosis 
comprised those with subthreshold symptomology or later age of onset, 
which precluded an Autistic or Asperger’s Disorder diagnosis (APA, 2000).  
Autistic Disorder and Asperger’s Disorder were conceptualised as separate 
diagnoses in DSM-IV and DSM-IV-TR (Verhoef, 2013).  Although not 
recognised officially in the diagnostic taxonomy, a distinction in the literature 
was often made between children with Autistic Disorder with an intellectual 
disability (termed low functioning autism or LFA), and those with Autistic 
Disorder without an intellectual disability (termed high functioning autism or 
HFA; Rinehart, Bradshaw, Brereton, & Tonge, 2002).  The difference in 
intellectual functioning, linguistic ability and overall clinical presentation 
between a child with LFA and a child with Asperger’s Disorder was often 
pronounced (Volkmar, State, & Klin, 2009).  However, the clinical 
presentation of a child with HFA and with Asperger’s Disorder was often 
analogous (Kamp-Becker et al., 2010), and the only diagnostic distinction was 
that the later had no clinically significant delay in language development.    
From the outset there was extensive debate regarding whether the 
Pervasive Developmental Disorders should be considered distinct entities 
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with unique aetiologies, responses to treatment and longitudinal outcomes 
(Verhoeff, 2013), or dimensionally as “variants of a single disorder” 
(Barahona-Corrêa & Filipe, 2015, p. 33).  Clinicians and researchers 
questioned whether there were categorical, qualitative differences between 
Autistic Disorder and Asperger’s Disorder as there were between autism and 
typical development, or whether the differences were primarily quantitative 
in the grade of severity (Kamp-Becker et al., 2010).       
Some reviews of the literature comparing children with HFA and 
Asperger’s Disorder (Kaland, 2011; Kugler, 1998) suggested qualitative 
differences in the profile of cognitive and motor skills, as well as differences 
in the quality of language use and social interactions.  Children with 
Asperger’s Disorder were thought to demonstrate superior verbal in 
comparison to non-verbal intellectual abilities, whereas children with HFA 
were considered to display the inverse profile (Ghaziuddin & Mountain-
Kimchi, 2004).  Likewise, children with Asperger’s Disorder were typically 
observed to have difficulties with visual-motor coordination whereas 
children with HFA tended to show a strength in visuospatial abilities 
(Planche, 2012).    
  Conversely, other reviews of the literature concluded that findings of 
such differences between Autistic Disorder and Asperger’s Disorder were too 
inconsistent to substantiate each as discrete entities (Macintosh & 
Dissanayake, 2004), and suggested that the aforementioned differences 
were merely quantitative in nature (Meyer & Minshew, 2002).  Arguably, the 
most commonly drawn conclusion by the many reviews of the literature on 
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this topic was that there was insufficient evidence to substantiate that the 
separate PDD diagnoses did or did not reflect discrete entities (Tsai & 
Ghaziuddin, 2014).  
Aside from this debate about whether the PDD diagnoses should be 
conceptualised as distinct, limitations were apparent regarding the clinical 
application of DSM-IV (APA, 2000) criteria.  Clinicians and researchers 
highlighted that overlapping diagnostic criteria and the rule of precedence 
given to an Autistic Disorder over Asperger’s Disorder diagnosis in DSM-IV 
should theoretically preclude the later diagnosis from being assigned (Mayes, 
Calhoun, & Crites, 2001; Sharma, Woolfson, & Hunter, 2012).  Longitudinal 
studies were also suggesting that the presence or absence of delayed 
language development had minimal impact on functional outcomes in 
individuals with autism of average or above intellectual ability (Bennett et al., 
2008; Howlin, Goode, Hutton, & Rutter, 2004).  Furthermore, results from a 
multisite trial by Lord et al. (2012) demonstrated that the DSM-IV PDD 
diagnosis a child received was influenced more by which specific clinic they 
attended as opposed to their profile of symptoms on standardised diagnostic 
measures.   
Based on these limitations, the transition to DSM 5 (APA, 2013) 
featured significant changes with the removal of the PDD diagnostic 
category, and the collapsing of the DSM-IV (APA, 2000) PDD diagnoses of 
Autistic Disorder, Asperger’s Disorder and PDD-NOS, into a new diagnostic 
category of ASD.  The distinction between social interaction and 
communication symptoms was also removed and this collective domain 
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made monothetic in requiring the presence of all symptoms for a diagnosis 
of ASD (Volkmar & McPartland, 2014).  According to Happé (2011) there was 
insufficient evidence of differences in aetiology or treatment response 
between the PDD disorders to substantiate their distinction.  The change to a 
single ASD diagnosis emphasised that “autism is best considered as existing 
on a spectrum with variable manifestations across life span, gender, and 
intellectual level and/or language ability” (Happé, 2011, p. 540).  In line with 
this revision and the recommendation of DSM 5, the term ASD is used herein 
to encapsulate the aforementioned conditions of Autistic Disorder, 
Asperger’s Disorder and PDD-NOS, unless explicitly stated otherwise. 
Another important change was the placement of ASD under the 
newly implemented category of Neurodevelopmental Disorders in DSM 5 
(APA, 2013), which comprises disorders of neurological disturbances with an 
early onset (Doernberg & Hollander, 2016).  Recognition of substantial 
overlapping in the symptomology, aetiology and developmental trajectory of 
neurodevelopmental disorders including ASD, Attention Deficit Hyperactivity 
Disorder (ADHD) and Developmental Coordination Disorder, has been 
acknowledged for considerable time (Gilger & Kaplan, 2001; Gillberg, 1983, 
2010).  It is only within DSM 5 however, that taxonomic recognition of the 
co-occurrence of these disorders has been acknowledged, and clinicians 






1.3 Diagnostic Criteria for ASD in DSM 5 
The diagnosis of ASD within DSM 5 (APA, 2013) comprises symptoms 
in two core diagnostic criteria.  The first criteria relates to disturbances in 
social communication and interactions across multiple settings, with 
symptoms including (1) disturbances in social and emotional reciprocity, (2) 
difficulties with nonverbal communication as well as (3) difficulties with 
making, maintaining and understanding interpersonal relationships.  The 
second criteria relates to restricted and repetitive behaviours and interests, 
with symptoms including (1) stereotypical or repetitious motor behaviours, 
(2) rigid adherence to routine, sameness and ritualistic behaviour, (3) 
restricted and abnormally intense interests and (4) hypo or hypersensitivity 
to sensory stimulus.  Also included are severity levels which reflect the 
degree of impairment in the aforementioned core symptoms, and 
correspond to “Requiring support” (Level 1), “Requiring substantial support” 
(Level 2), and “Requiring very substantial support” (Level 3; APA, 2013, p. 
54).  Diagnosis requires all social communication and interaction symptoms 
to be present, and the presence of at least two of the restricted and 
repetitive behaviour and interest symptoms.  Symptoms must be present 
early in the developmental period (although diagnosis can occur 
retrospectively in this regard), cause clinically significant impairment and 
must not be better explained by intellectual disability or global 
developmental delay.  Coinciding with the categorical ASD diagnosis is an 
additional dimensional element via the introduction of specifiers, which are 
implemented as a means for clinicians to define points of individual 
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difference (APA, 2013).   Within the ASD diagnostic category in DSM 5,  
specifiers enable the identification and assignment of an accompanying 
language impairment and/or an accompanying intellectual impairment.   
 
 
1.4 Improving Clinical Definitions of ASD  
Heterogeneity is a central factor within the aetiology, symptom 
profile, developmental trajectory and overall presentation of ASD 
(Whitehouse & Stanley, 2013).  To date this has presented significant 
challenges for the development of targeted pharmacological interventions 
for core ASD symptomology (Beversdorf, 2016) and for the discovery of 
objective neurobiological markers to assist with diagnosis (Zwaigenbaum et 
al., 2015).   These issues are not unique to ASD, but endemic of mental illness 
more broadly (Insel, 2009).  In response, the implementation of the National 
Institute of Mental Health (NIMH) Research Domain Criteria project (RDoC; 
Insel et al., 2010) has seen a movement towards progressively defining 
psychiatric disorders across dimensional, functional constructs and the 
corresponding neural circuitry involved (Cuthbert, 2015; Cuthbert & Insel, 
2013).     
In line with this movement, there is increasing recognition for the 
need to incorporate objective, reliable and data-driven measures to help 
inform the ASD diagnosis (Amaral et al., 2017; Damiano et al., 2014; Eapen & 
Clarke, 2014; Lombardo, Lai & Baron-Cohen, 2018), and to examine for 
points of individual difference across the autism spectrum (Lai et al., 2015).  
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Gradually defining the categorical diagnosis of ASD along different  
dimensions such as language and motor function (Bernard & Mittal, 2015), is 
considered to form an important step in improving the clinical definition of 
ASD and enabling a precision medicine based approach towards treatment 
and diagnosis (Beversdorf, 2016; Varcin & Nelson, 2016).  Part of this work 
will involve investigating the distribution of clinical characteristics across not 
only the entirety of the autism spectrum (Fein & Helt, 2017) but from the 
range of typical to atypical development (Cuthbert & Insel, 2013). 
Despite retaining a categorical approach to the diagnosis of ASD, DSM 
5 (APA, 2013) has incorporated important dimensional elements from which 
to begin to delineate clearer symptom profiles and understand key points of 
individual difference (Klopper, Testa, Pantelis, & Skafidas, 2017).  This 
includes well established areas of individual difference such as in the profile 
of language skills (Tager-Flusberg, 2006), as reflected by the inclusion of a 
language impairment specifier.  This also includes symptoms such as motor 
dysfunction, which although not yet included in the core diagnostic criteria, 
is now recognised as an associated clinical feature of the ASD diagnosis.  It is 
hoped that better understanding the nature and distribution of motor and 
language skills across the autism spectrum, and more broadly across the 
spectrum of typical to atypical development, will provide researchers and 
clinicians with an eventual pathway to identify more homogenous and thus 
clinically meaningful subtypes of ASD in future (Grzadzinski, Huerta, & Lord, 






CHAPTER 2: MOTOR FUNCTION IN ASD  
     
 
  Within typically developing infants and children, motor skills develop 
and progress in a bidirectional manner with cognitive, language and social 
skills (Davis, Pitchford, & Limback, 2011; King-Dowling, Missiuna, Rodriguez, 
Greenway, & Cairney, 2015).  Infants utilise movement to interact with and 
learn from their environment (Iverson, 2010), and children use movement to 
interact, engage with and learn from their peers (Lloyd, MacDonald, & Lord, 
2013).  As such, the timely development and integrity of motor function is of 
crucial importance to overall childhood development.   
This chapter commences with an overview of fine and gross motor 
disturbances commonly observed in ASD.  The following sections examine 
atypical motor function in ASD from infancy through to adulthood, as well as 
the relationship between motor function and clinical variables including 
intellectual ability, comorbid pathology and ASD symptom severity.  The 
chapter concludes by highlighting the potential utility of motor functions as 
an objective clinical marker to aid in the diagnosis and understanding of ASD 
moving forward.   






2.1 Overview of Impaired Motor Function in ASD 
Motor functioning refers to our ability to move body parts (Payne & 
Isaacs, 2016), and is typically categorised into the two components of fine 
and gross motor functions.  Fine motor functions rely on the smaller muscle 
groups of the body, primarily those involved in the movements of the hands 
and fingers during tasks such as drawing (Cuffaro, 2011).  Gross motor 
functions incorporate the larger muscle groups of the body, such as those 
that control the movements of the legs during tasks including walking 
(Gawali, Jain, Yeole, Adkitte, & Gharote, 2017).  Motor function in ASD has 
been assessed through various methods, with the literature displaying a 
gradual progression from early clinical observation to the use of objective 
motor measures.    
       
2.1.1 Early Clinical Accounts of Impaired Motor Function 
 Abnormal function of fine and gross motor skills has been noted from 
the initial clinical descriptions of ASD.  Within his descriptive case series on 
infantile autism, Kanner (1943) referred to an overt clumsiness in gross 
motor functions including gait and posture.  Likewise, in reviewing the 
original recordings of Asperger in 1944, Wing (1981) notes issues with 
coordination in gross motor movements plus issues with fine motor skill, as 
evidenced by difficulties with writing and drawing.   
Other early clinical accounts of ASD also described abnormalities in 
gait (Damasio & Maurer, 1978), difficulties with motor imitation tasks (Jones 
& Prior, 1985) plus delays in reaching motor milestones such as sitting 
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without support (Ornitz, Guthrie, & Farley, 1977).  Leary and Hill (1996) 
observed that from the mid 1940s up until 1991, there were approximately 
155 published studies and case reports on ASD that mentioned some type of 
movement disturbance.  Despite this high frequency of reporting, the likely 
influence of movement disturbances upon the core socio-communicative 
deficits of ASD was largely being overlooked.  
As Leary and Hill (1996) contended, failing to examine the possible 
motor-based contributions to the child with ASD’s socio-communicative 
deficits could mean overlooking an underlying neurological component to 
the condition.  To illustrate this point, Leary and Hill (1996) used the example 
of a child with ASD appearing to lack a desire to engage in spontaneous or 
matched play, which as they suggest could potentially be explained by an 
impaired ability to initiate and coordinate motor behaviours in a timely 
manner.  This work highlighted the need for further investigation and a 
greater understanding of the motor profile in ASD. 
 
2.1.2 Standardised Measurement of Motor Function 
 Following these initial clinical descriptions of motor disturbances in 
ASD, researchers began examining motor ability by using standardised 
measures and assessment batteries of movement skills.  Early examples 
include the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP; 
Bruininks, 1978), which examines motor tasks ranging from balance to 
dexterity within the age range of 4 to 16 years.  Using this measure in a small 
group of children with ASD, Ghaziuddin, Butler, Tsai, and Ghaziuddin (1994) 
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identified deficits in both fine and gross motor performance for their sample 
in comparison to norm-referenced values for similarly aged TD children.  
Both Manjiviona and Prior (1995) and Miyahara et al. (1997) derived similar 
findings of a heightened rate of motor impairment on standardised 
assessments within ASD samples in comparison to TD normative 
performance values.   
Standardised measures of movement skills are still used to define the 
developmental profile and performance of motor systems within ASD.  The 
most common of these measures are the Movement Assessment Battery for 
Children (MABC; Henderson & Sugden, 1992) and the Movement Assessment 
Battery for Children - Second Edition (MABC-2; Henderson, Sugden, & 
Barnett, 2007).  Both items provide a validated, norm-referenced measure of 
fine and gross motor skill plus the overall rate of motor development, within 
the age range of 3 to 16 years.  These domains are assessed using a variety of 
tasks involving manual dexterity, ball handling and balancing skills.  Children 
with ASD have consistently shown far greater motor disturbances on the 
MABC and MABC-2, in studies comparing performance against both a TD 
sample matched for nonverbal IQ (McPhillips, Finlay, Bejerot, & Hanley, 
2014), as well as against a demographically well matched sample of children 
with ADHD (Ament et al., 2015).  Liu and Breslin (2013) also identified 
clinically significant motor delays, when defined as scores below the 5th 
percentile of norm-referenced total scores on the MABC-2, at a rate of up to 
77% in children with ASD.   
16 
 
Subscales of widely used standardised developmental assessment 
batteries including the Mullen Scales of Early Learning (MSEL; Mullen, 1995), 
and the Vineland Adaptive Behavior Scales - Second Edition (VABS-2; 
Sparrow, Chichetti, & Balla, 2005) are also commonly employed to identify 
abnormal gross and fine motor skills across infant and early-childhood aged 
ASD samples (Jasmin et al., 2009; MacDonald, Lord, & Ulrich, 2014; 
Pusponegoro et al., 2016).      
   
2.1.3 Objective Measurement of Motor Function 
 Although the use of standardised measures of movement can 
provide clinically relevant data on the motor impairments typical of ASD, 
these measures are not without their limitations.  As Bhat, Landa, and 
Galloway (2011) suggest, it can be difficult to disentangle the degree to 
which issues of compliance and the correct comprehension of instructions 
may influence performance on these measures.  Likewise, training and 
practice effects must also be considered with the use of repetitive, skills 
based tasks that are commonly featured (Paquet, Olliac, Golse, & Vaivre-
Douret, 2016).  Despite providing a general profile of motor skills, these 
measures typically lack the sensitivity required to detect more subtle and 
variable motor deficits within ASD (Paquet, Olliac, Bouvard, Golse, & Vaivre-
Douret, 2016; Parma & de Marchena, 2016).  Accordingly there has been an 
increasing tend towards the use of measures which can provide a more 
objective assessment of the motor profile (Anzulewicz, Sobota, & Delafield-
Butt, 2016).   
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For fine motor functions, this is exemplified through novel methods 
such as the use of digitized handwriting tasks utilising tablet computers.  
From this approach, findings suggest that in comparison to age, gender and 
FSIQ matched TD children, children with ASD tend to display characteristic 
deficits in handwriting including the production of larger and more poorly 
formed letters (Johnson et al., 2013; Rosenblum, Simhon, & Gal, 2016).  
Differences in gesture force distribution on a touch-screen computer task 
have also been found to delineate children with ASD from their TD peers 
(Anzulewicz et al., 2016).     
Gross motor skills are also readily assessable in an objective manner 
within ASD samples through various means.  This includes using ground-
reaction force platforms to measure dynamic balance and postural stability.  
Use of such measures has consistently revealed ASD specific deficits 
including poorer postural stability, decreased dynamic balance and increased 
postural sway when compared to similarly aged TD peers (Fournier et al., 
2010; Memari, Ghanouni, Shayestehfar, & Ghaheri, 2014; Wang et al., 2016).  
Goulème et al. (2017) also identified that in comparison to an age and 
gender matched TD sample, postural instability in children with ASD was 
exacerbated when visual information is unavailable, which suggests a 
possibly increased reliance on sensory input for gross motor tasks.  A study 
by Travers, Powell, Klinger, and Klinger (2013) further observed a moderate, 
positive association between postural sway and ASD symptom severity 
within an older aged ASD sample (mean age = 21.8 years).  
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 Instrumental gait analysis provides researchers and clinicians with 
another means of deriving an objective profile of gross motor skills within 
ASD samples.  As discussed in the following chapter, this technique has been 
used to illustrate ASD specific anomalies in the gait profile when compared 
to TD peers, such as reduced stride length (Nobile et al., 2011; Weiss, Moran, 
Parker, & Foley, 2013) and increased step width (Nayate et al., 2012). 
 
 
2.2 Impaired Motor Function in ASD from Infancy through to Adulthood 
The abnormal function of motor systems in ASD can be observed 
from the early stages of infancy (Landa & Garrett-Mayer, 2006) and often 
prior to the onset of socio-communicative based disturbances (Esposito & 
Pasca, 2013; Flanagan, Landa, Bhat, & Bauman, 2012).  This was illustrated in 
a recent large-scale (N = 329) longitudinal examination of infants across 4 
time-points from 6 to 24 months of age, by Estes et al. (2015).  These authors 
identified that infants with a later diagnosis of ASD were distinguished only 
by displaying significantly lower gross motor and visual reception scores on 
the MSEL at 6 months of age, and not on socio-communicative behaviours 
until aged 12 months onwards.  Likewise, findings such as those of Lloyd et 
al. (2013) suggest that toddlers with a later ASD diagnosis aged 12 to 24 
months, are on average 3.5 months delayed in the expected rate of the 
typical development of gross motor skills including crawling and walking.   
The integrity of motor function in ASD appears to remain 
compromised heading into childhood, with Green et al. (2009) observing 
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impaired motor function on the MABC at rates of up to 79% in a large (N  = 
101), population-derived sample with ASD aged 10 to 14 years.  As examined 
in the previous section, there are multiple findings that illustrate poorer 
performance on standardised motor assessments within school-aged ASD 
samples in comparison to similarly aged TD peers (Liu, Hamilton, Davis & 
Elgarhy, 2014; McPhillips et al., 2014; Staples & Reid, 2010).  
As with the broader ASD literature, the majority of research into 
atypical motor function within ASD has been focused upon younger age 
groups.  There are however a small number of studies which have examined 
aspects of motor functioning in older adults with ASD.  For instance, Cook, 
Blakemore and Press (2013) identified decreased smoothness of sinusoidal 
arm movements within a sample of 14 adults with ASD from 32 years and 
older, in comparison to similarly aged TD controls (Cook, Blakemore, & Press, 
2013).  Cassidy et al. (2016) also investigated the prevalence of self-reported 
diagnosis of dyspraxia, or impaired co-ordination of movements, in a large 
online sample of individuals aged 18 to 75 years with a self-reported 
diagnosis of ASD (n = 2871) and neurotypical controls (n = 10706).  Due to 
the reliance upon self-reported diagnosis, the results from this study must be 
interpreted with caution.  With this in mind, findings suggested an 8 fold 
increased prevalence of dyspraxia in participants with ASD, and that 
individuals with ASD and dyspraxia also reported significantly higher autistic 
traits as measured using the Autism Spectrum Quotient (Baron-Cohen, 
Wheelwright, Skinner, Martin, & Clubley, 2001).  
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There appears to be only two longitudinal examinations of motor 
function within ASD beyond childhood.  This includes a recent study by 
Travers et al. (2017), whom examined fine motor skills including grip strength 
and finger tapping, up to three times over eight years, in a sample of 90 
children with ASD (mean age = 17.51, age range = 6.38 to 37.78), in 
comparison to 56 age and gender matched TD controls.  Results illustrated 
parity in fine motor skills between groups up to 15 years, however an ASD 
specific decrease across both tasks from 15 to 40 years of age.  Interestingly, 
this pattern of an early parity in fine motor skills may differ from that of gross 
motor skills.  This is suggested by Minshew et al. (2004), whom examined 
differences in postural stability between 79 individuals with ASD and 61 TD 
controls aged 5 to 52 years.  They found that postural development 
commenced at a later age in childhood for the ASD participants, and 
continued to remain behind the rate of development in TD individuals.  
Minshew et al. (2004) also suggested that IQ might be a contributing factor 
to the findings of motor impairment in ASD.     
 
 
2.3 Associations between Impaired Motor Function and Intellectual Ability,     
Comorbid Pathology and ASD Symptom Severity  
Impairments in intellectual functioning, independent of an ASD 
diagnosis can also be seen to associate with poorer motor performance 
(Vuijk, Hartman, Scherder, & Visscher, 2010).  Accordingly, there is debate as 
to whether the level of intellectual functioning, and presence of a comorbid 
21 
 
ID, may be a contributing factor to the high prevalence of motor impairment 
frequently observed in ASD.    
In support of a link between intellectual ability and motor 
impairments in ASD, Ghaziuddin and Butler (1998) compared performance 
on the BOTMP between 12 children with Autistic Disorder (mean FSIQ = 78.4) 
and 12 children with Asperger’s Disorder (mean FSIQ = 104.9).  They initially 
observed significantly poorer fine and gross motor performance within 
children with autism compared to children with an Asperger’s diagnosis, 
however when controlling for differences in FSIQ, established that nil 
differences in motor function remained.  Studies by Minshew et al. (2004) 
and Travers, Mason, Gruben, Dean, and McLaughlin (2018) both identified 
FSIQ as a partially contributing factor to postural control deficits in ASD.  
These authors did however note that diagnostic status contributed to a 
larger degree of the variance in postural control than did FSIQ within their 
study samples.  
Another study by Green et al. (2009) suggested that both increased 
ASD symptom severity and FSIQ independently, were associated with poorer 
performance on the MABC.  Of interest, these authors further observed that 
approximately 70% of children with ASD without a comorbid ID (n = 66) had 
definite movement problems, yet almost all children with ASD with a 
comorbid ID (n = 35) had definite movement problems.  A more recent study 
illustrated a similar pattern of findings, whereby groups of primary school-
aged children with ASD with and without a comorbid ID both performed 
poorer than a TD comparison group on a standardised assessment of gross 
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and fine motor skills (Kaur, Srinivasan, & Bhat, 2017).  These authors also 
identified that the degree of motor impairment measured was slightly 
greater in the children with ASD with a comorbid ID, although did stress that 
impaired motor functioning was highly prevalent across ASD participants 
regardless of intellectual ability.   
Together these findings suggest that the exact nature and extent of 
the relationship between motor dysfunction and cognitive impairment in 
ASD is still unclear and requiring further examination (May et al., 2016; 
Travers et al., 2013).  From the studies reviewed in this section however, it 
does appear that the presence of a comorbid ID may have an additive effect 
concerning the degree of impairment in motor function, beyond that 
apparent in ASD alone.  This additive effect of comorbidity on motor function 
in ASD may also extend to other types of pathology that are frequently co-
occurring within this clinical population.    
 
2.3.1 Motor Function and Comorbid Pathology  
The presence of a comorbid psychiatric diagnosis or medical 
condition is more the norm than the exception with regards to ASD 
(Simonoff et al., 2008).  As with the level of intellectual ability, it is 
conceivable that the presence of a comorbid psychiatric diagnosis may be an 
influencing factor upon the severity of impairment in the level of motor 
functioning in ASD.  
Attention Deficit Hyperactivity Disorder is a psychiatric condition 
characterised by functionally debilitating difficulties with inattention and 
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hyperactivity (APA, 2013).  These symptoms are also frequently observed in 
children with ASD (Supekar, Iyer, & Menon, 2017), with rates of comorbidity 
between ASD and ADHD estimated to range from between 32% (Carlsson et 
al., 2013) to 42 % (Stevens, Peng, & Barnard-Brak, 2016).  Impaired motor 
function is also commonly reported in ADHD (for review, see: Kaiser, 
Schoemaker, Albaret, & Geuze, 2015), however the prevalence appears to be 
well below that seen in ASD, specifically when compared on standardised 
measures of movement such as the MABC (Wang, Huang, & Lo, 2011).  The 
severity of impairment in motor functioning also appears to be greater in 
children with ASD compared to children with ADHD.  This is suggested by 
studies that have demonstrated comparatively poorer performance in 
children with ASD on gross motor skill portions of the MABC-2 (Ament et al., 
2015), plus on the locomotor and object control subtests of the TGMD-2 
(Pan, Tsai, & Chu, 2009).  
Only with the release of DSM 5 (APA, 2013) have clinicians been 
permitted to make a comorbid ADHD diagnosis alongside a primary diagnosis 
of ASD.  As such, there is little research investigating motor function in 
children with comorbid diagnoses of both ASD and ADHD.  Given the high 
rate of comorbidity, it seems likely that many prior studies unwittingly 
captured such samples.  One study by Papadopoulos, Rinehart, Bradshaw, 
and McGinley (2013) attempted to control for this potential overlap by 
comparing the MABC-2 profiles of 16 boys with ADHD specifically without a 
comorbid ASD diagnosis, and similarly aged TD peers.  Interestingly they 
identified a lack of difference in overall motor skills between the two groups.  
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In contrast, Connolly, Rinehart, and Fielding (2016) found that increased ASD 
symptom severity as measured using the Social Responsiveness Scale (SRS; 
Constantino & Todd, 2005), was associated with poorer performance on an 
oculomotor task by children with ADHD.  A kinematic analysis of handwriting 
performance in primary school-aged children with and without ASD further 
suggested that increased ADHD symptomology was associated with poorer 
handwriting skill (Grace et al., 2017).    
Collectively, it appears that the presence of comorbid pathology and 
symptomology alongside an ASD diagnosis may have an additive effect on 
the severity of motor impairment.  The following section will examine the 
relationship between motor functioning and ASD symptom severity.   
 
2.3.2 Motor Function and ASD Symptom Severity 
 The extent of impairment in motor function within ASD may be 
associated with the degree of ASD symptom severity (Kaur et al., 2017).  
Note that the phrase ‘ASD symptom severity’ as used herein refers to the 
degree of impairment in the core-diagnostic features of socio-communicative 
disturbances and repetitive, restrictive behaviours, as measured using 
diagnostic and symptom specific measures such as the ADOS or SRS.  
Although DSM 5 (APA, 2013) now includes severity specifiers for core 
diagnostic criteria, the former approach is the most common manner in 
which the level of severity in ASD is operationalised within the literature (for 
review, see: Mehling & Tassé, 2016).   
25 
 
An association between poorer motor function and greater ASD 
symptom severity has been identified from early in the lifespan. This is 
illustrated in findings from a study involving 159 infants with ASD, which 
identified lower gross and fine motor skills on the MSEL as weak but 
significant predictors of increased ASD symptom severity (MacDonald et al., 
2014).  Likewise, Stevenson, Lindley, and Murlo (2017) investigated 
retrospective parental reports of developmental motor milestones and skills 
from 6 to 24 months of age, and current measures of ASD symptom severity 
in children with and without ASD at approximately 8 years of age.  According 
to parent report, participants with ASD displayed significantly fewer motor 
skills than TD participants across all time points, with a strong, significant 
negative relationship being identified between motor skills and current ASD 
symptom severity. 
Studies of children with ASD aged from 6 to 15 years by both 
Papadopoulos et al., (2011) and MacDonald, Lord, and Ulrich (2013) have 
further demonstrated that poorer performance on standardised motor skill 
measures including the MABC and TGMD-2 respectively, shows a significant, 
moderate strength association with greater ratings of ASD symptom severity.  
A similar relationship between poorer motor performance and increased ASD 
symptom severity was also identified in one of the few motor investigations 
involving adults with ASD, with an average age of 41 years (Cook et al., 2013).  
That this association is observed across various ages and not only at certain 
developmental time points lends additional support to the recognition of 
atypical motor function as a core feature of ASD (Kaur et al., 2017). 
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Building upon the cross-sectional findings of the aforementioned 
studies, Serdarevic et al. (2017) conducted a longitudinal examination over a 
6 year period of neuromotor development and autistic trait severity in a 
population-based sample of 2905 TD infants.  Results from this study 
suggested that lower muscle tone during infancy (which is linked to poorer 
motor development; Segal, Peylan, Sucre, Levi & Bassan, 2016) was a 
significant, moderate-strength predictor of increased ASD trait severity at 6 
years of age.  Although requiring replication, this finding is important as it 
suggests that atypical motor development may be of use as a predictive 
marker of increased risk for the development of ASD.  Furthermore, findings 
that poorer motor skills are associated with greater ASD symptom severity in 
children with and without ASD (Grace et al., 2017; MacDonald et al., 2014), 
suggest that motor variables may be of prognostic importance and a key 
target for intervention (Esposito & Pasca, 2013).  
 
 
2.4 Impaired Motor Function as a Potential Marker for ASD   
The literature reviewed in this section has shown that impaired motor 
function is highly prevalent in ASD.  It can be observed from early infancy 
(Leonard, Bedford, Pickles, & Hill, 2015) through to older adulthood (Cassidy 
et al., 2016), and with an earlier age of onset than socio-communicative 
based disturbances (Estes et al., 2015).  Additionally, motor variables can be 
measured directly from individuals in a reliable and quantitative manner 
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(Fakhoury, 2015).  This makes motor variables ideal candidates as putative 
markers for ASD (Esposito & Pasca, 2013). 
How the presence of additional sources of individual difference, such 
as comorbid pathology, may influence the severity of motor dysfunction in 
ASD remains unclear (Travers et al., 2018).  Far clearer are findings to suggest 
that poorer motor functioning is related to increased severity of ASD 
symptomology (Grace et al., 2017; MacDonald et al., 2014). It is on this basis 
that multiple authors have recommended the inclusion of atypical motor 
function as a core, additionally defining feature of ASD (Constantino & 
Charman, 2016; Fournier et al., 2010; Kaur et al., 2017; Lai et al., 2014). 
Building upon these findings requires a better understanding of 
specific motor impairments and how they may be related to differences in 
other domains of functional importance that are linked with the ASD 
diagnosis, such as the level of language skills (Maski, Jeste, & Spence, 2011; 
Radonovich et al., 2013; Weiss et al., 2013).  This is hoped to provide a 
pathway for the identification of phenotypically distinct subtypes of ASD 
(May et al., 2016), which may then be used to define underlying aetiology 
(Travers et al., 2018) and improve the efficacy of interventions available 
(Esposito & Pasca, 2013).  Furthermore, the use of objective and easily 
accessible motor measures, such as instrumental gait analysis, will enhance 
the reliability and potential for the clinical translation of such findings 







CHAPTER 3: GAIT FUNCTION IN ASD: A REVIEW OF THE LITERATURE 
 
 
The ability to walk independently is an important gross motor 
milestone that is typically achieved between 9 to 18 months of age 
(Lacquaniti, Ivanenko, & Zago, 2012).  The onset of walking broadens a child’s 
capacity for interacting with their environment and caregiver (Minxuan, 
Walle, & Campos, 2015), thus playing an important role in cognitive, 
language and social development (Clearfield, Osborne, & Mullen, 2008; 
Walle & Campos, 2014).  Gait is considered to reach maturity by 
approximately 7 years of age (Holm, Tveter, Fredriksen, & Vollestad, 2009).  
It continues to be important developmentally through the influence it has 
upon quality of life (Kothari, Dixon, Stebbins, Zavatsky, & Theologis, 2015) 
and the nature of peer interactions (Bejerot & Humble, 2013). 
 This chapter examines the role of atypical gait in ASD, with an 
emphasis on the progression from the observational to objective, 
quantitative assessment of this motor variable.  This includes an updated 
review of the literature involving studies that have utilised instrumental gait 
analysis to differentiate children with ASD from their TD peers, and to 
examine for possible differences in gait within the autism spectrum.  The 
chapter concludes by highlighting recommendations for future research in 





3.1 Early Clinical Accounts of Abnormal Gait in ASD 
Within both of the initial clinical accounts of ASD, reference was 
made to atypical gait function.  Upon reviewing the shared features of his 
initial case series on autism, Kanner (1943, p. 248) noted that several of the 
children he saw “were somewhat clumsy in gait”.  Likewise, in reviewing 
Asperger’s original case studies from 1954, Wing (1981, p. 116) highlights 
that gross motor behaviours were frequently affected, and that “posture and 
gait appear odd”. 
By the 1980’s there were an increasing number of clinical accounts 
and published case series on children with ASD which noted disturbances in 
gait (Burgoine & Wing, 1983; Colbert & Koegler, 1958; Gillberg, 1983).  
However, Damasio and Maurer (1978) were among the first to provide a 
detailed characterisation of the gait abnormalities often seen in this clinical 
population, and to explain this in terms of neurological dysfunction.  In 
reference to one of their autistic patients, they described a gait profile 
marked by “short steps, festination (hurried and in a shuffled nature), and a 
flexed posture of limbs and trunk” (p.778).  Damasio and Maurer (1978) 
likened this to the gait profile characteristic of Parkinson’s disease, and thus 
suggested that the gait disturbances in ASD may be indicative of neurological 







3.2 Different Means of Measuring Gait 
 
3.2.1 Retrospective Video Analysis 
Following the early clinical descriptions aforementioned, researchers 
began attempting to empirically measure and define the nature of the gait 
disturbances within ASD.  One commonly used method to investigate for the 
presence of atypical gait behaviours during early childhood is the 
retrospective analysis of home video footage.  This typically involves 
researchers obtaining video footage of children with a later ASD diagnosis 
and TD children during infancy, and comparing for the prevalence of any 
abnormal gait behaviours displayed.    
Teitelbaum, Teitelbaum, Nye, Fryman, and Maurer (1998) completed 
an important early study comparing home video footage during infancy of 17 
children with ASD and 15 TD children.  Their findings suggested that children 
with ASD are comparatively slower in progressing from a waddling through 
to mature stage of walking, and tend to display an asynchronous pattern of 
arm and leg swing whilst walking.  Studies that are more recent have added 
to these findings whilst employing more methodologically rigorous protocols.  
One such study had blinded researchers collect and compare home video 
footage of groups of ASD, TD and non-autistic developmentally disordered 
children from a 2 week period post onset of independent walking (Esposito, 
Venuti, Apicella, & Muratori, 2011).  These authors suggested that infants 
with a later ASD diagnosis could be distinguished by displaying a higher 
prevalence of gait anomalies including heel-toe and out-toe walking.  
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Goldman et al. (2009) derived similar observations of atypical gait behaviours 
including abnormal pacing and slower progression through to mature gait 
patterns, in a sample of young children with ASD in comparison to TD peers.        
 
3.2.2 Standardised Assessment 
 Gait is considered to be a particularly useful and sensitive metric of 
neurological functioning (Kraan, Tan, & Cornish, 2017; Lord, Galna, & 
Rochester, 2013).  This is based upon findings that certain anomalies in gait 
tend to coincide with damage or dysfunction involving specific neural 
regions.  For example, a slow, shuffling gait with episodes of freezing is 
thought to reflect basal ganglia dysfunction (Damasio & Maurer, 1978; 
Nonnekes et al., 2018).  In contrast, cerebellar disturbances tend to result in 
a wider step-base and difficulties in straight line walking (Salman & Tsai, 
2016).   
Standardised measures of neurological and neuromotor functioning, 
such as the Physical and Neurological Exam for Subtle Signs (PANESS; 
Denckla, 1974), typically involve an assessment of gait.  The PANESS 
measures the ability to perform a variety of stressed gait patterns such as 
tandem gait (walking one foot in front of the other in a straight line), plus the 
ability to walk on the heels and sides of the feet.  From these tasks aspects 
such as motor overflow (unnecessary movement) can be measured (Larson 
et al., 2007), but as with the following studies, they can also be used as 
simple outcome measures of gait function.  For instance, studies have 
demonstrated comparatively poorer performance on this measure in 
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samples of children with ASD compared to TD children (Dziuk et al., 2007; 
Jansiewicz et al., 2006).  Likewise, Behere, Shahani, Noggle, and Dean (2012) 
found that 26 young adults with ASD performed below the TD normative 
values on the gait and station subtest of the Dean-Woodcock 
Neuropsychological Battery (DWNB; Dean & Woodcock, 2003).  The gait and 
station subtest measures both free walking and tandem gait, and has shown 
to best distinguish children with normal and atypical neurological functioning 
(Davis, Finch, Trinkle, Dean, & Woodcock, 2007). 
 
3.2.3 Qualitative Analysis 
Gait function within ASD has also been examined using qualitative 
observation and analysis.  This typically involves an expert in neurological or 
biomechanical functioning, such as a neurologist or physical therapist, 
providing a qualitative assessment of an individual’s gait profile.  
As part of a larger instrumental gait analysis study, Rinehart et al. 
(2006a) had a group of such observers qualitatively assess the gait profile of 
groups of children with Autistic Disorder, Asperger’s Disorder or TD children 
aged from 6 to 14 years.  These observers described significantly poorer 
coordination, smoothness and consistency in the gait profile of the ASD 
participants collectively, when compared to their TD peers.  A 
methodologically similar study in a slightly younger sample of ASD (mean age 
= 4.5 years) and TD children (mean age = 4.7 years), had blinded neurologists 
identify wider-based gait in children with ASD only (Shetreat-Klein, Shinnar, 
& Rapin, 2014).   
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Interestingly, the blinded observers in Rinehart et al. (2006a) 
identified no differences in coordination, smoothness or consistency in gait 
between children with an Autistic Disorder or Asperger’s Disorder diagnosis.  
This appears to contrast with the findings of Ganos et al. (2011), whom 
described wider-based gait and difficulty with tandem gait specifically in 
adults with Autistic Disorder, and not those with Asperger’s Disorder.  This 
contrast in findings may be due to differences in participant age or 
differences in qualitative methodology, as both studies appear to be 
measuring slightly different aspects of the gait profile.  This contrast may also 
reflect that the profile of gait is differentially affected across the autism 
spectrum, and may vary according to other key points of individual 
difference such as in language, intellectual ability or ASD symptom severity. 
Collectively, the studies reviewed in this section provide an important 
insight into some of the abnormalities in gait that may be displayed by 
children with ASD, often from a very early age (Esposito & Venuti, 2008).  
This ranges from descriptions of poorly coordinated, wide-based gait 
(Shetreat-Klein et al., 2014), to difficulties with performing specific tasks such 
as tandem gait (Jansiewicz et al., 2006).  It is important to note however that 
the methods used to assess gait in these studies do have some inherent 
limitations.   
Regarding retrospective video analysis, key limitations include 
difficulties in standardising the quality of the recordings available, caregivers 
choosing only to record certain behaviours, and having no means of ensuring 
that children were provided equal opportunity to display (or not display) a 
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target behaviour (Marschik & Einspieler, 2011; Ruben, Mercedes & Ozonoff, 
2006; Yirmiya & Charman, 2010).  The gait subtests of standardised 
neuromotor measures are similarly prone to practice effects and influenced 
by participant motivation (Parma & de Marchena, 2016), and further lack the 
sensitivity required to detect subtle motor based deficits (Brasic & Gianutsos, 
2000).  Likewise, qualitative observational analysis is limited by inherent 
subjectivity (Toro, Nester & Farren, 2007), as illustrated by findings of poor to 
moderate inter and intra-rater reliability among experienced clinicians 
(Eastlack, Arvidson, Snyder-Mackler, Danoff & McGarvey, 1991; Keenan & 
Bach, 1996).  In order to address these limitations, the use of instrumental 
gait analysis provides a quantitative, objective and thus reliable means of 
further assessing the gait profile of children with ASD. 
 
 
3.3 Instrumental Analysis of Gait Abnormalities within ASD: a Review of the 
Literature 
Instrumental analysis is considered the gold standard for clinical gait 
assessment (Bilney, Morris, & Webster, 2003; Toro, Nester & Farren, 2003), 
with greater accuracy and reliability than the aforementioned measures 
(Gillain et al., 2009; Rathinam, Bateman, Peirson & Skinner, 2014). 
Incorporating the use of motion capture systems through to electronic 
walkways, instrumental analysis provides a set of quantitative 
spatiotemporal variables that directly measure different components of the 
gait profile (Kraan et al., 2017).  Spatiotemporal gait variables are typically 
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calculated and presented as an average for all completed gait trials.  They 
can also be expressed as a coefficient of variability value (CoV; Standard 
Deviation/Mean x 100), which corresponds to variability within the gait 
profile across completed gait trials.   There are numerous spatiotemporal 
variables used to describe gait.  This review will focus upon those most 
commonly incorporated when examining the gait profile of individuals with 
ASD.  For a more in depth explanation of how these variables are calculated, 
please see the methodology section 7.4.4 in chapter 7, as well as Baker 
(2013). 
  Spatial variables refer to the distance components of the gait profile, 
and are typically measured in centimetres (cm).  Commonly utilised spatial 
variables include the length and width values for steps (from one footfall to 
another) and strides (from two consecutive footfalls of the same foot).  
Instead of step or stride width, some studies report a base-of-support 
variable, which reflects the lateral distance between one footfall and the line 
of progression of the other foot. In order to examine how much an 
individual’s walk deviates laterally from a straight line, some authors 
calculate a Y-axis variable (Nayate et al., 2012; Rinehart et al., 2006b) or a 
walk orientation variable (Nobile et al., 2011).  
Temporal variables reflect timing components of the gait profile and 
gait cycle.  The gait cycle comprises a stance phase, or duration from the first 
to last contact of one footfall, and a swing phase, or duration from the last 
contact of one footfall to the next contact of that same foot.  Frequently 
reported temporal variables are cadence, or number of steps per minute, as 
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well as velocity, representing the distance travelled divided by the duration 
of travel.  Stance time is calculated as a percentage of the gait cycle, as is 
total double support, or the duration of time that both feet are in contact 
with the floor. 
To this author’s knowledge, the only literature review to date on the 
use of instrumental gait analysis in children with ASD was completed by 
Kindregan, Gallagher, and Gormley (2015).  Within this narrative review, 
these authors aimed to include all studies involving the quantitative analysis 
of gait patterns in children with ASD aged from 4 to 18 years.  They included 
11 studies, one of these being a study by Weiss et al. (2013) which involved 
participants over 18 years of age.  From their review, Kindregan et al. (2015) 
reported that the most consistently identified spatiotemporal gait anomalies 
in children with ASD in comparison to TD children, were a reduction in step 
and stride length, as well as an increase in step width.  They also noted a high 
degree of inconsistency in findings between studies, attributing this to 
significant differences in sample characteristics such as age, functional 
capacity and ASD symptom severity, plus differing methods of gait analysis 
being utilised. 
The aim of the current literature review is to provide an updated 
review of studies to date which have performed comparisons of the gait 
profile, using instrumental gait analysis to assess spatiotemporal gait 
variables, between groups of children and adults with ASD, and groups of 






3.3.1 Search Strategy 
This review was informed by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher, 
LIiberati, Tetzlaff, & Altmann, 2009).  A systematic search was conducted of 
electronic databases including MEDLINE Complete via EBSCOhost, PsycINFO 
via EBSCOhost and Embase, from inception until December 2018.  Reference 
lists of articles were also manually searched.  The search included key words 
in the categories of ASD and gait, with an example of the string of search 
terms used in MEDLINE Complete via EBSCOhost presented in Figure 1.1 
below.   
 
1. “autism spectrum disorder*” OR autistic disorder OR Asperger 
syndrome OR “pervasive developmental disorder” OR “pervasive 
developmental disorder not otherwise specified” OR autis* OR 
Asperger* 
2. Gait OR “gait disorders, neurologic” OR walk* OR locomotion OR 
mobil* 
3. 1 and 2 
4. Limit 3 to English Language and Human 






3.3.2 Eligibility Criteria and Study Selection.  
 Articles were included if they were (1) peer reviewed, cross-sectional 
studies with human participants, published in English and with full text 
available, (2) Included a group of individuals with Autism Spectrum Disorder, 
Asperger’s Disorder, Autistic Disorder or Pervasive Developmental Disorder - 
Not Otherwise Specified (3) included a group of typically developing 
participants or listed relevant typically developing normative data, and (4) 
used instrumental analysis to measure spatiotemporal gait variables.  Articles 
were excluded if they were (1) grey literature, (2) case studies, (3) only 
reporting instances of toe-walking behaviour, (4) did not report 
spatiotemporal gait variables in standardised units of measurement and (5) 
used treadmill walking to assess gait (as this can be seen to alter the normal 
spatiotemporal gait profile; Jung, Kim, Kelly & Abel, 2016) 
 From the initial search, 1461 articles were identified, with 15 articles 




























Figure 2.1 PRISMA flow chart. 
 
3.3.3 Data Extraction and Results 
Data pertaining to the study sample, participant characteristics, gait 
analysis method, gait analysis protocol and significant findings were 
extracted, collated and synthesised manually.  Table 1.1 presents a detailed 
Records identified through 
database searching 
(n = 1456) 
Additional records identified 
through other sources 
(n = 5) 
Records after duplicates 
removed 
 (n = 1121) 
Titles and abstracts screened to 
determine eligibility 
 (n = 1121) 
Records excluded: 
 
Not human (n = 44) 
 
Not ASD (n = 621) 
 
Not gait (n = 402) 
Full text articles assessed for 
eligibility 
 (n = 54) 
Full text articles excluded: 
 
Not ASD (n = 2) 
 
Not cross-sectional/case study 
only (n = 8) 
 
Not instrumental gait 
analysis/no spatiotemporal 
variables reported (n = 16) 
 
Toe walking only (n = 13) 
 
Treadmill (n = 1) 
 
Studies included in qualitative 
synthesis 
 (n = 15) 
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overview of this information for all studies included in this review.  Each 
study has been assigned a number for ease of reference.  Please note that 
the studies by Rinehart et al. (2006a) and Nayate et al. (2012) employed 
separate subgroups of children with a DSM-IV Autistic Disorder and 
Asperger’s Disorder diagnosis.  Within Table 1.1 these subgroups are 
combined, and data collapsed, into an ASD group as per DSM 5 (APA, 2013, 






Studies Comparing Spatiotemporal Gait Variables in Children With and Without ASD 
 
Author, date Sample, n, avg. age(SD), 
age range 
Anthropometric and IQ 
data - avg. height(SD), 
avg. weight(SD), avg. 
IQ(SD) 
Gait analysis method Gait protocol Reported findings (p < 
.05) 
1 Anulot et al., 2015 ASD:  n = 45, avg. age 
8.47, age range 4 - 14. 
 
TD: n = 45, avg. age 8.87, 
age range 4 - 14. 
ASD:  Nil height, weight or 
IQ data reported 
 
TD: Nil height, weight or 
IQ data reported 
Foot ink on surface Preferred speed 
 
Spatial - decreased step 
and stride length in ASD 
 
Temporal - nil 
 
2 Calhoun et al., 2011 ASD: n = 12, avg. age 6.3, 
age range 5 - 9 
 
TD: n = 22, avg. age 6.2, 
age range 5 - 9 
ASD: 121.03cm, 29.31kg, 
nil IQ data reported 
 
TD: 119.42cm, 28.66kg, nil 
IQ data reported 
Motion capture - 8 
camera VICON 
Preferred speed.   Spatial - nil  
 
 
Temporal - increased 
cadence in ASD 
 
3 Chester and Calhoun, 
2012 
ASD: n = 14, avg. age 5.9, 
age range 5 - 9 
 
TD: n = 22, avg. age 6.22, 
age range 5 -9  
ASD: 120.06cm, 28.67kg, 
Nil IQ data reported 
 
TD: 119.42cm, 28.66kg, Nil 
IQ data reported 
Motion capture - 8 
camera VICON 
Preferred speed.   Spatial -  nil  
 
Temporal - nil 
 
4 Hallet et al., 1993 ASD: n = 5, age range 25 - 
38 years 
 
TD: n = 5, age range 25 - 
36 years 
ASD: height range 162 - 
195 cm, weight range 66 - 
117 kg, 88(12) FSIQ 
 
TD: height range 160 - 180 
cm, weight range 59 - 70 
kg, nil IQ data reported 
Motion capture - 5 
camera VICON 
Preferred speed Spatial - nil 
 





5 Lim aet al., 2016 
 
 
ASD: n = 15, avg. age 11.2 
(2.8) 
 





















Spatial - increased step 
width in ASD. 
 
Temporal - decreased 
cadence and stride 
velocity in ASD. Increased 
double support and 
stance time in ASD 
 
6 Manicolo et al., 2018                 ASD: n = 32, avg. age 
9.2(3.8) 
 
TD: n = 36, avg. age 9(3.8) 
ASD: 131.4(41.2)cm,   




33.4(16.5)kg, nil IQ data 
reported 
Electronic Walkway - 
GAITRite 
Preferred speed Spatial - increased step 
width and stride length 
variability in ASD. 
 
Temporal - nil 
 
 
7 Morrison et al., 2018 
 
ASD: n = 20, avg. age 
21.2(4.4) 
 
TD: n =20, avg. age  
24.3(2.8) 
 
ASD: Nil height, weight or 
IQ data reported 
 
TD: Nil height, weight or 
IQ data reported 
 
Electronic walkway - 
GAITRite 
 
Preferred and fast speed 
 
Spatial - increased stride 
length variability in 
preferred and fast 
condition in ASD. 
 
Temporal - decreased 
velocity in fast condition 
in ASD. 
8 Nayate et al., 2012 ASD: n = 22, avg. age 
12.44(3.38), age range 7 - 
18 
 
TD: n = 11, avg. age 











Preferred, fast and slow 
speed.   
 
Spatial - increased step 
width in ASD in all 
conditions.  
 




9 Nobile et al., 2011 ASD: n = 16, avg. age 
10.56 (2.5), age range 6 -
14 
 
TD: n = 16,  avg. age 9.99 







Motion capture:  8 
camera ELITE 
Preferred speed Spatial - increased step 
width, higher Walk 
Orientation and 
decreased stride length in 
ASD. 
 
Temporal - nil 
 
10 Pauk et al., 2017 ASD: n = 18, avg. age = 
7.9(1.9) 
 
ASD with ID: n = 10, avg. 
age 7.2(2.2) 
 










18.8(4.4)BMI, nil IQ data 
reported 
Motion capture - 6 
camera SMART 
Preferred speed  (note 
that some ASD 
participants had an 
attractive toy placed at 
end of walkway to 
encourage trial 
completion, whereas all 
TD participants did not) 
Spatial - nil 
 
Temporal - decreased 
velocity and increased 
cadence in ASD with ID 
compared to TD. 
11 Rinehart et al., 2006 
(a)* 
ASD: n =20, avg. age 
10.67(4.3) 
 









Electronic footswitch - 
clinical stride analyser 
Preferred speed Spatial - increased 
variability in stride length 
in ASD 
 
Temporal - nil 
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12 Rinehart et al., 2006 
(b) 
ASD: n = 11, avg. age 
5.83(.75), age range 4.33 - 
6.67 
 
TD: n = 11, avg. age 
















Preferred  speed, tandem 
gait (strip of tape placed 
along centre of mat, 
participants instructed to 
walk along line one foot in 
front of the other) 
Spatial - Increased Y-axis 
range and variability in 
stride length in ASD in 
preferred speed condition 
 
Temporal - Increased 
variability in velocity in 
ASD in preferred speed 
condition.  
13 Vernazza-Martin et al., 
2005 
ASD: n = 9, age range 4 - 6 
 
TD: n = 6, age range 4 - 6 
ASD: nil height, weight or 
IQ data reported 
 
TD: nil height, weight or 
IQ data reported 
Motion capture - 2 
camera ELITE 
Preferred speed (note, 
both groups were 
instructed to walk 
towards a designated 
target) 
Spatial - decreased step 
length in ASD 
 
Temporal - nil 
 
14 Vilensky et al., 1981 ASD: n = 21, avg. age 6.1, 
age range 3.3 - 10 
 
TD: n = 15, avg. age 7.1, 
age range 3.9 - 11.3 
ASD: nil height, weight or 
IQ data reported 
 
TD: nil height, weight or 
IQ data reported 
Quantitative video 




Spatial - decreased stride 
length in ASD 
 
Temporal - increased 
stance time in ASD. 
 
 
15 Weiss et al., 2013 ASD: n = 9, avg. age 19, 
age range 16.67 - 22.33 
 
TD: n = 10, avg. age 
19.67(.5), age range 16.75 
- 20.58 
ASD: 180.34cm, 83.46kg, 
nil IQ data reported 
 
TD: 174.82cm, 70.58kg,  
nil IQ data reported 
Electronic Walkway - 
GAITRite 
Preferred speed Spatial - decreased step 
and stride length in ASD. 
 
Temporal - decreased 
cadence and velocity in 
ASD. Increased stance and 
double support time in 
ASD. 
Note. ASD = autism spectrum disorder, TD = typically developing, ID = intellectual disability, CM = centimetres, KG = kilograms, BMI = body mass index, IQ = Intelligence quotient, FSIQ = full 
scale intelligence quotient, PRI = perceptual reasoning index, SD = standard deviation. 
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3.3.4 Study Characteristics 
          Of the 15 studies included in Table 1.1, three involved samples aged 18 
years and older (4,7,15), with twelve involving children under 18 years of age 
(1-3,5,6,8-14).  All studies reported on averaged spatiotemporal gait 
variables (1-15), and five reported on gait variability using CoV values (4, 
6,7,11,12).  Ten studies provided adequate anthropometric data of mean 
height and weight (2,3,5,6,8-12,15), one (4) provided range values for height 
and weight, and four studies reported no height or weight data (1,7,13,14).  
Four studies reported on IQ for both ASD and control groups (8,9,11,12), two 
reported on IQ for ASD alone (4,10) and nine studies (1-3,5-7,10,13-15) 
reported no IQ data.  One study (10) reported on a sample of ASD 
participants with a comorbid ID, whereas 14 studies (1-9,11-15) reported on 
groups of ASD and TD participants with an IQ score of at least 70.  Three 
studies (8,10,11) involved separate ASD subgroup comparisons, and twelve 
involved a unitary ASD group (1-7,9,12-15).  
         To derive spatiotemporal gait variables, six studies used motion capture 
systems (2-4,9,10,13), six used electronic walkways (5-8,12,15), one used 
electronic footswitches (10), one used quantitative video analysis (14) and 
one involved the application of ink to participant’s feet (1).  All 15 studies 
involved a preferred walking speed condition (1-15), two included a fast 





3.3.5 Differences in Spatiotemporal Gait Variables between Children with 
and Without ASD 
          Of the 15 studies comparing the gait profiles of groups of children and 
adults with and without ASD, two failed to identify a significant difference 
between groups on any spatiotemporal variable assessed.  Neither Chester 
and Calhoun (2012) or Hallett et al. (1993) provided significance values for 
their comparisons, and thus it is not known whether any results were 
approaching significance or displaying a statistical trend worth noting.  The 
respective groups of children and adults with ASD in both studies did 
however demonstrate comparatively slower velocity (an average difference 
of 0.6 metres per minute was found by Hallett et al., 1993), as well as 
reduced step and stride lengths in comparison to TD controls.  Hallett et al. 
(1993) further reported an increased step width for ASD participants, and 
Chester and Calhoun (2012) on children with ASD displaying a comparatively 
greater amount of double support time than TD controls. These trends are in 
keeping with the most consistent findings of spatiotemporal difference 
between ASD and TD participants in the other studies reviewed. 
 
3.3.6 Differences in Spatial Gait Variables 
          The most consistently reported difference in the gait profile of 
participants with ASD and TD participants, relates to the spatial variables of 
step and stride length.  Specifically, step and/or stride length was found to be 
significantly reduced in five of the fifteen studies examining this variable 
(1,9,13-15), involving groups of both children and adults with ASD.  This 
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finding was consistent across different methods of gait assessment, ranging 
from the basic measurement of ink footprints (Anujot, 2015) through to the 
use of electronic walkways (Weiss et al., 2013). Although not reaching 
significance, a further seven studies also reported a trend towards shorter 
step and/or stride length values in ASD compared to TD participants (2-7,10), 
whereas three studies found either similar or slightly longer step length 
values in ASD (8,11,12).  Increased variability in stride length has also been 
reported in samples of children with ASD (6,11), and a sample of adults with 
ASD (Morrison et al., 2018). 
          Step and stride width or heel-to-heel base of support values, appear to 
be another consistent point of difference in the gait profile of ASD and TD 
participants.  Of the seven studies examining this gait parameter, four 
identified significantly higher values in groups of children with ASD in 
comparison to demographically and anthropometrically well matched groups 
of TD peers (5,6,8,9).  Both Rinehart et al. (2006b), Hallett et al. (1993) and 
Weiss et al. (2013) reported a similar pattern of findings, albeit non-
significant, of a wider base of support in samples of children as well as adults 
with ASD respectively.    
         Another observed difference relates to the ability to maintain a straight 
line trajectory whilst walking, although this was only examined by three 
studies (8,9,12).  Using a Walking Orientation value and Y-axis range value to 
investigate this variable, findings by Nobile et al. (2011) and Rinehart et al. 
(2006b) respectively, suggest that children with ASD demonstrate a higher 
degree of lateral movement during the gait trial, than do their TD peers of a 
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similar age and intellectual ability.  Conversely, Nayate et al. (2011) observed 
no significant difference for this variable. 
 
3.3.7 Differences in Temporal Gait Variables 
        The most consistently different temporal variable for ASD compared to 
TD participants related to a reduction in velocity.  Four of the fourteen 
studies examining velocity found that children and adults with ASD walked at 
a slower average pace than did TD participants (7,9,10,15).  Although not 
reaching significance, an additional five studies also reported slower average 
velocities for ASD compared to TD participants (1,3,4,5,12), whereas five 
studies reported either the same velocity or ASD participants walking at a 
slightly faster speed (2,6,8,11,13).    
       Findings of differences between groups in relation to cadence are less 
consistent.  Of the thirteen studies examining cadence, studies using 
electronic walkways for gait analysis by Weiss et al. (2013), Morrison et al. 
(2018) and Lim, O'Sullivan, Choi, and Kim (2016)  identified a significantly 
lower cadence specific to groups of adults and children with ASD.  
Conversely, two other studies using motion capture analysis to measure gait 
found a significant increase in cadence in groups of children with ASD relative 
to TD controls (Calhoun, Longworth, & Chester, 2011; Pauk, Zawadzka, 
Wasilewska, and Godlewski, 2017).  The remaining studies not observing a 
significant difference in cadence between ASD and TD groups, still reported a 
mixture between the rate of steps per minute being higher (3,9,11) or lower 
in ASD (1,4,8,9,12). 
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         Temporal components of the gait cycle including the time spent in 
stance phase, as well as the duration of time having both feet planted, or 
total double support, were each examined by eight studies.  Concerning the 
average time spent in stance phase across the gait trial, Lim et al. (2016) and 
Vilensky, Damasio, and Maurer (1981) reported this to be significantly longer 
in duration for groups of children with ASD, as did Weiss et al. (2013) with 
respect to their sample of adults with ASD.  Of the remaining studies not 
observing a significant difference in stance time between groups, two noted 
slightly longer stance times for ASD participants (9,10) and three described 
shorter stance times for ASD participants (3,4,13).   Participants with ASD in 
seven of the eight studies (2,3,5,9,11,12,15) also demonstrated a greater 
proportion of time spent in the double support phase of the gait cycle than 
TD controls, to a significant degree in the studies by Lim et al. (2016) and 
Weiss et al. (2013).  Conversely, Pauk et al. (2017) suggested that children 
with ASD spend a shorter (although non-significant) amount of time in 
double support. 
 
3.3.8 Effects of Altered Gait Conditions 
        Three studies incorporated additional gait conditions beyond walking at 
a preferred speed.  Nayate et al. (2012) and Morrison et al. (2018) assessed 
gait performance at a self-selected fast walking speed in samples of children 
and adults with ASD.  The findings of Nayate et al. (2012) demonstrated 
greater stride width in ASD compared to TD participants, whereas Morrison 
et al. (2018) observed a decrease in velocity combined with an increase in 
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stride length variability.  Rinehart et al. (2006b) assessed tandem gait 
performance by having children with and without ASD walk along a straight 
line of tape placed along the length of an electronic walkway.  These authors 
observed a trend towards a greater amount of missteps off the line by 
children with ASD, as well as a significantly greater amount of lateral 
deviation specific to children with ASD as reflected by higher Y-axis range 
scores.  
 
3.3.9 Differences in Spatiotemporal Gait Variables within ASD 
          Only three studies examined the gait profiles of distinct ASD subgroups.  
Rinehart et al. (2006a) and Nayate et al. (2012) included subgroups of 
children with an Autistic Disorder or Asperger’s Disorder diagnosis matched 
for age and IQ, yet differentiated on the basis of the presence of delayed 
language development.  Rinehart et al. (2006a) identified minimal 
differences in spatiotemporal gait parameters, aside from the children with 
Autistic Disorder displaying a significantly higher degree of variability in 
stride length.  Using a more sophisticated measure in the GAITRite electronic 
walkway system, Nayate et al. (2012) found a significantly wider base of 
support specific to children with an Autistic Disorder diagnosis.  Pauk et al. 
(2017) also incorporated two subgroups of children with ASD, alongside a 
group of TD controls.  However, these authors differentiated their ASD 
participants according to their level of ASD symptom severity and either the 
presence or absence of an ID.  Although only comparing these ASD 
subgroups to a group of TD controls, Pauk et al. (2017) reported a significant 
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decrease in velocity and increase in cadence specific to children with ASD 
whom also had greater ratings of symptom severity plus a comorbid ID 
diagnosis.   
        In agreement with the findings of Pauk et al. (2017), Weiss et al. (2013) 
identified prominent differences across almost all spatiotemporal gait 
variables assessed, in a sample of young adults with ASD whom were rated 
as ‘severe’ on the total and verbal communication scales of the Childhood 
Autism Rating Scales (CARS; Schopler, Reichler, & Rochen, 1988), compared 
to a group of similarly aged TD peers.  In discussing their findings, Weiss et al. 
(2013) suggested that differences in gait might be most pronounced in 
individuals with a more ‘severe’ presentation of ASD.  They also noted a 
similar pattern of findings specifically in samples characterised by greater 
deficits in verbal communication skills such as in their own study and that of 
Vilensky et al. (1981).  In contrast, studies employing ASD samples with 
“good language ability” (Hallett et al., 1993, p. 1305), and with relatively 
lower symptom severity (Pauk et al., 2017), tend to identify more subtle 
differences in gait.  Although requiring further examination, this appears to 
represent a promising trend in findings to suggest that differences in the 
profile of language skills and level of ASD symptom severity may be 
associated with differences in gait performance. 
 
3.3.10 Conclusions, Limitations and Future Recommendations 
         Collectively, the most frequently observed spatiotemporal gait 
abnormalities in children with ASD appear to be a reduction in stride length 
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and velocity, combined with an increased base of support and amount of 
time spent in the stance and double-support phases of the gait cycle.  These 
findings appear to be most consistent in primary school-aged children with 
ASD, from 5 to 12 years old, although a similar trend in findings can be seen 
in the small number of studies involving adults with an ASD diagnosis.  As 
discussed in detail within chapter’s 5 and 10, such gait characteristics have 
the practical effect of maximising stability (Kindregan et al., 2015) and can 
also be seen to feature in populations with cerebellar and basal-ganglia 
dysfunction (Lord et al., 2013).   
       As suggested in the most recent review of the literature by Kindregan et 
al. (2015), it is important to note that there is considerable variation and 
inconsistency across study findings.  A number of methodological differences 
is likely influencing this inconsistency, including the use of different 
instruments and protocols for assessing gait.  In terms of collective 
limitations, the most pressing relates to inadequate characterisation of 
participants.  Of the total studies reviewed, one-third failed to provide 
necessary data on the height and weight of their participants. This is a crucial 
limitation, as differences in height or weight can influence the gait profile, 
which means that the validity and reliability of clinical gait comparisons 
between groups is reliant on these groups being of similar anthropometric 
characteristics (Pierrynowski & Galea, 2001).   As such, the inclusion of height 
and weight data in future research should be considered essential.  As much 
as possible, future research should also prioritise the matching of participant 
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groups on these variables, or statistically controlling for any identified 
differences.  
         A related limitation is that the majority of studies failed to provide 
information on clinical characteristics including the level of intellectual 
ability, profile of language skills and level of ASD symptom severity.  Prior 
research suggests that motor functioning may be adversely affected by 
poorer intellectual ability (Travers et al., 2018), as well as by increased ASD 
symptom severity (Grace et al., 2017).  Likewise, the incidence of toe walking 
behaviours has been found to be greater in children with ASD and poorer 
verbal ability (Valagussa, Trentin, Balatti, & Grossi, 2017).  In order to further 
examine the association between quantitative gait function, intellectual and 
language ability as well as ASD symptom severity, inclusion of these clinical 
characteristics will be required in future research.    
       Lastly, only one study to date by Rinehart et al. (2006b) has incorporated 
a tandem gait condition whilst using instrumental gait analysis.  Results from 
this study suggested that children with ASD have greater difficulty with 
tandem gait performance, which coincides with the observations of other 
studies using standardised neuromotor assessment batteries (Behere et al., 
2012; Jansiewicz et al., 2006).  Similarly, the findings of Nayate et al. (2012) 
and Morrison et al. (2018) demonstrated that elements of gait performance 
might be differentially affected in both children and adults at a fast walking 
speed.  Accordingly, the addition of a fast walking speed and tandem gait 
condition in future research will provide further information on the effect of 
altered gait conditions in ASD.     
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3.4 Atypical Gait as a Potential Marker for ASD 
       The literature reviewed in this chapter suggests that abnormal gait is a 
commonly reported motor characteristic of some individuals with ASD, as 
noted from the early works of Kanner (1943), and now as a recognised 
feature of the disorder in DSM 5 (APA, 2013).  There has also been a 
considerable progression in the methods used to measure the gait profile in 
ASD.  This was initially performed using qualitative observation (Damasio & 
Maurer, 1978) and retrospective video analysis (Teitelbaum et al., 1998), and 
is now able to be conducted in a data-driven, objective manner through the 
use of instrumental gait analysis (Brasic & Gianutsos, 2000).   
       The use of instrumental analysis suggests that children with ASD may be 
distinguished from their TD peers based upon a unique profile of 
spatiotemporal gait characteristics.  These differences seem to include the 
presence of shorter and wider strides at a slower pace, a greater amount of 
time spent with both feet grounded and a greater propensity for lateral 
veering (Lim et al., 2016; Nobile et al., 2011).  A small number of findings also 
suggest that the severity of gait disturbances in ASD may vary according to 
other points of individual difference including in the levels of ASD symptom 
severity, as well as intellectual and verbal abilities (Pauk et al., 2017; Weiss et 
al., 2013).  To extend these findings there is a need to further examine how 
gait function may be associated with other key areas of individual difference, 





CHAPTER 4: LANGUAGE IN ASD 
      
 
While the motor features of ASD may emerge at a younger age 
(Esposito & Pasca, 2013), it is the delay and disturbances in language 
function that are often the first point of concern for parents.  Impairments in 
language are frequently observed in children with ASD (Boucher, 2012; Paul 
& Fahim, 2014), although some areas of language appear to be more 
uniformly affected than others (Tager-Flusberg, 2015).  Specifically, all 
individuals with ASD have difficulties with pragmatic language (Bennett et al., 
2014), but only some will have difficulties with other aspects of language 
including receptive, expressive and structural language.  This is an important 
distinction, as differences in the profile of language skills in children with ASD 
may be associated with unique patterns of brain development (Sharda et al., 
2017), variance in later functional outcomes (Szatmari et al., 2015) as well as 
variation in other key functional domains (Waterhouse & Gillberg, 2014).  
Accordingly, further investigation of the variability in language within ASD is 
considered important with respect to treatment planning (Kover, McDuffie, 
Hagerman, & Abbeduto, 2013), as well as to the eventual delineation of 
clinical markers and underlying neurobiology (Tager-Flusberg & Joseph, 
2003; Wittke, Mastergeorge, Ozonoff, Rogers, & Naigles, 2017).    
This chapter commences by reviewing the diagnostic role of language 
in ASD from DSM-IV-TR (APA, 2000) to DSM 5 (APA, 2013.  The second 
section will focus upon pragmatic language, highlighting this as a uniformly 
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affected area of impairment in ASD.  The following sections will examine the 
areas of receptive and expressive as well as structural language, highlighting 
how these areas are more variably affected within ASD.  This chapter 
concludes by highlighting the need for continued investigation into the 
profile of language impairments within the autism spectrum, and to continue 
to parse the degree of heterogeneity within ASD by further assessing 
whether these language difficulties may be associated with established 
deficits in other important functional domains.      
 
 
4.1 Shifting Focus: from Language Delay to Language Profile  
One of the major revisions made from DSM-IV-TR (APA, 2000) to DSM 
5 (APA, 2013) was to combine the separate autism spectrum disorders into a 
single ASD diagnosis.  This change in the diagnostic schedule also included a 
change to the role of language in the diagnosis.  The DSM-IV-TR diagnostic 
criteria for Autistic Disorder included: 2(a); “delay in, or total lack of, the 
development of spoken language” (p.70), as well as 3(B); “Delays or 
abnormal functioning in at least one of the following areas, with onset prior 
to age 3 years:...(2) language as used in social communication” (APA, 2000, 
p.71).   This contrasted with the diagnostic criteria for Asperger’s Disorder, 
with an absence of delayed language development forming a key 
component, as reflected in the criteria: (C); “There is no clinically significant 
general delay in language (e.g., single words used by age 2 years, 
communicative phrases used by age 3 years)” (APA, 2000, p.77).  Accordingly, 
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in DSM-IV-TR the diagnostic role of language in the autism spectrum 
disorders was based on whether the child reached certain milestones in a 
timely manner.  Specifically, either the presence or absence of language 
delay at 3 years was identified as clinically meaningful with regards to later 
outcomes and diagnostic differentiation (Lord & Bishop, 2015). 
There were limitations inherent within the language delay diagnostic 
criterion of DSM-IV-TR (APA, 2000).  One limitation was that it required 
clinicians having access to an accurate historical account of the individual’s 
language development from the caregiver (Frith, 2004).  This was 
problematic, as inaccuracies in parental recall have consistently been 
demonstrated in regards to childhood behavioural patterns (Zapolski & 
Smith, 2013) and concerns in child speech and language development 
(Russell, Miller, Ford, & Golding, 2014).  
A second limitation related to the overemphasis the language delay 
criterion placed upon the specificity of language delay to the ASD diagnosis.  
For instance, delays in language development are amongst the most 
frequently expressed initial concerns of caregivers and often the primary 
reason for referral for an ASD assessment (Kozlowski, Matson, Horovitz, 
Worley, & Neal, 2011).  However, developmental delay in language is neither 
specific to ASD (Rice, Warren, & Betz, 2005) nor is it necessarily indicative of 
a later diagnosis.  This point was illustrated in a recent review of a large 
metropolitan childhood diagnostic service by Lo, Klopper, Barnes, and 
Williams (2017), whom noted “children referred with concern about ASD 
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who did not meet diagnostic criteria frequently had delayed language 
development” (p.744).                                                                                                                                 
Including language only in terms of delay in the diagnostic criterion 
for ASD was also problematic as this overlooked the clinically meaningful 
information provided from measuring the actual profile of skills across the 
different domains of language.  This was highlighted in a series of 
longitudinal studies by Bennett et al. (2008) and Szatmari et al. (2009), which 
compared the developmental trajectory of children with ASD according to 
their profile of language skills from 6 to 8 years, and to the presence or 
absence of language delay at 3 years.  Findings from these studies 
demonstrated that the children’s language skills as assessed using 
standardised measures of language, accounted for a significantly greater 
proportion of variance in functional outcomes and later ASD symptom 
severity, than did the presence or absence of language delay at 3 years.  
Collectively, the language delay diagnostic criterion from DSM-IV-TR was 
found to possess inadequate discriminant as well as prognostic validity 
(Grzadzinski et al., 2013; Happé, 2011; Lord & Jones, 2012), and was 
removed whilst transitioning to the unitary ASD diagnosis (Constantino & 
Charman, 2016).     
The role of language in ASD is featured in two ways within DSM 5 
(APA, 2013).  The first is via assigning one of three severity level ratings for 
social-communicative problems. The three ratings are defined with regards 
to the level of support required; “requiring support”, “requiring substantial 
support”, or “requiring very substantial support” (Levels 1, 2 & 3 
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respectively; APA, 2013, p.52).  This approach has two noticeable 
shortcomings, the first being that the qualitative description attached to 
each rating does not provide information about how the level of support 
required is to be assessed and assigned by clinicians (Lord & Bishop, 2015).  
Secondly, the level of support required would likely be influenced by other 
constraining factors including age, cognitive capacity, ASD symptom severity 
and level of adaptive functioning (Weitlauf, Gotham, Vehorn, & Warren, 
2014).  However, there is no indication provided to clinicians as to how these 
factors should be accounted for, and thus how the severity level rating can 
be assigned in a systematic and reliable manner across individuals (Zander & 
Bölte, 2015).    
  The second way that the role of language in ASD is featured in DSM 5 
is through the addition of a language impairment specifier.  This specifier 
directs clinicians to assess and define the profile of the individual’s language 
skills, from “the current level of verbal functioning... (to) expressive and 
receptive language skills” (APA, 2013, p.53).  This involves utilising measures 
of language skills to record the individual’s profile of strengths and 
weaknesses across the areas of language prior mentioned. 
The use of the language impairment specifier appears to provide 
some advantages to clinicians and researchers beyond that contained in the 
DSM-IV-TR (APA, 2000) delayed language diagnostic milestone, or in the 
severity level ratings for social-communicative symptoms in DSM 5 (APA, 
2013).  The main advantage is that the construct of language impairment is 
more readily measured and defined in an objective, reliable manner through 
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the use of standardised measures of language functioning (Sharda et al., 
2017).  This has already been demonstrated in multiple studies to date, 
which have defined language impairment in children through adults with ASD 
according to performance above or below certain normative values on 
standardised language tests (Bennett et al., 2014; Lai et al., 2015; 
Modyanova, Perovic, & Wexler, 2017; Tager-Flusberg, 2015).  These 
properties enable the language impairment specifier to overcome some of 
the issues with subjectivity and the lack of specificity inherent within the use 
of the severity level approach (Weitlauf et al., 2014).  The ability to use 
standardised language tests also appears to address some of the issues of 
accuracy and reliability inherent within the DSM-IV-TR language delay 
diagnostic milestone, which relied on parents providing an accurate recall of 
their child’s early language development (Russell et al., 2014).  
The incorporation of the language impairment specifier and 
accompanying directive to examine the profile of language skills in ASD 
represents a shift beyond the prior conceptualisation of language as a basic 
categorical milestone to be met.  Instead, the addition of this specifier 
reflects an acknowledgement that language is a multidimensional construct, 
with meaningful variation in the level of skills that can be assessed across 







4.2 Pragmatic Language 
Pragmatic language refers to the ability to match our use of language 
with the contextual demands of the environment and social setting that we 
face (Eigsti, de Marchena, Schuh, & Kelley, 2011).  Verbal aspects of 
pragmatic language include the use of language for different purposes (e.g., 
asking questions or making statements), to the initiation and changing of 
topics in conversation.  Non-verbal aspects of pragmatic language often 
involve movement, including behaviours such as the use of gestures, eye 
contact as well as facial expression in communication with others.  Pragmatic 
language skills are recognised as a core area of impairment that affects all 
individuals with ASD (Groen, Zwiers, van der Gaag, & Buitelaar, 2008; Schuh, 
Eigsti, & Mirman, 2016; Tager-Flusberg, Joseph, & Folstein, 2001), and can be 
observed from infancy onwards.   
There are clear differences in the development of pragmatic language 
skills in children with and without ASD, which are evident from the first year 
of life.  As the mean age of actual ASD diagnosis is approximately 49 months 
(Bent et al., 2015), prospective studies of high risk (HR) infants whom have 
siblings with ASD, and thus a greater risk for later diagnosis (Tick et al., 2016), 
are commonly utilised to assess language skills in infancy.  Prior to the end of 
their first year, TD infants begin utilising basic, nonverbal pragmatic language 
skills including pointing and the use of directional gaze, to convey need and 
initiate joint attention with their caregiver (Jones, Gliga, Bedford, Charman, 
& Johnson, 2014).  In contrast, HR infants at 12 months of age whom 
themselves obtain a later ASD diagnosis at 36 months, have been found to 
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display significantly fewer instances of initiating or responding to joint 
attention requests from their caregivers as assessed in free-form interactions 
(Rozga et al., 2011).  Likewise, at 14 months of age HR infants whom are later 
diagnosed with ASD at 36 months, tend to display approximately half the 
amount of gaze shifts and instances of shared positive affect with caregivers 
than similarly aged TD peers (Landa, Holman, & Garrett-Mayer, 2007).  Other 
means of measuring pragmatic language skills during infancy includes the use 
of standardised observational scales, such as the Autism Observational Scale 
for Infants (AOSI; Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 
2008), which assess for the presence of behaviours such as eye contact and 
social smiling.  Retrospective analysis of home video footage is also 
commonly used to identify ASD specific anomalies during infancy, such as 
comparatively fewer joint attention bids to caregivers than is displayed by TD 
infants (Watson, Crais, Baranek, Dykstra, & Wilson, 2013) 
Difficulties with pragmatic language continue into childhood and 
adolescence in ASD, and are commonly assessed using the pragmatic 
subscales of the Child’s Communication Checklist, Second Edition (CCC-2; 
Bishop, 2006).  The CCC-2 measure pragmatic language skills by asking 
caregivers to rate the frequency in which their child displays verbal 
impairments (inappropriate initiation of conversation, scripted language use 
and atypical use of context) and nonverbal impairments (atypical nonverbal 
communication such as standing too close to others in conversation).  Use of 
this measure has consistently shown that children with ASD (aged from 7 to 
15 years) display significantly poorer performance across the pragmatic 
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subscales in comparison to their TD peers when matched on variables 
including age and nonverbal IQ (Baixauli-Fortea, Casas, Berenguer-Forner, 
Colomer-Diago, & Roselló-Miranda, 2017; Wang & Tsao, 2015).   
Impairments in pragmatic language within ASD also persist into 
adulthood.  This is suggested by findings of poorer performance on a 
narrative discourse task by 12 adults with ASD (mean age = 27.2 years) in 
comparison to 12 demographically matched TD adults (Colle, Baron-Cohen, 
Wheelwright, & van der Lely, 2008).  A longitudinal, outcome-based study by 
Whitehouse, Watt, Line, and Bishop (2009) also identified persisting 
pragmatic deficits in a small group of young adults with ASD who were 
initially diagnosed in early childhood.  
As summarised in this section, pragmatic language is an area of 
difficulty for individuals with ASD (Hill, van Santen, Gorman, Langhorst, & 
Fombonne, 2015; Tager-Flusberg et al., 2001).  Difficulties with pragmatic 
language persist even within individuals with ASD whom have achieved an 
‘optimum outcome’ (Kelley, Paul, Fein, & Naigles, 2006; Suh et al., 2014), 
having had a confirmed childhood ASD diagnosis yet following treatment no 
longer meet diagnostic criteria.  Pragmatic language also appears to be 
affected in a uniform manner within ASD.  This is suggested by studies 
demonstrating that the extent of impairment in pragmatic language in 
individuals with ASD is independent from the level of ASD symptom severity 
(Howlin et al., 2004) and from nonverbal cognitive ability (McCann, Peppé, 
Gibbon, O'Hare, & Rutherford, 2007; Paul & Fahim, 2014).  Disturbances in 
pragmatic language within ASD also occur independent of strengths and 
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weaknesses in other areas of language (Demouy et al., 2011; Rice et al., 
2005). The universal, static nature of pragmatic language impairments in ASD 
can be seen to contrast with the more variable nature of impairments 
observable in other areas of language, such as receptive and expressive 
language. 
 
4.3 Receptive and Expressive Language  
Receptive language refers to our ability to understand language 
spoken by others.  Expressive language refers to our ability to produce 
language to communicate with others.  Receptive and expressive language 
are often used in conjunction, whereby understanding a question being 
asked of us involves receptive language skills, and producing a response to 
the question involves the use of expressive language skills.  Research has 
found that individuals with ASD tend to have poorer receptive and expressive 
language skills in comparison to individuals without ASD.  Kwok, Brown, 
Smyth, and Oram Cardy (2015) observed this in a meta-analysis, which 
summarised the results of 74 studies comparing expressive and/or receptive 
language skills in individuals with or without ASD aged 19 years or younger.   
  Receptive and expressive language skills within ASD have been 
assessed using different methods. Prospective studies have shown that HR 
infants whom go on to obtain a later ASD diagnosis tend to understand and 
produce fewer single words than TD infants at 18 months (Mitchell et al., 
2006).  HR infants have also been found to have significantly lower scores 
than TD infants on the receptive and expressive language subscales of the 
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MSEL at 24 months (Landa & Garrett-Mayer, 2006).  Likewise, a study by 
Hudry et al. (2010) observed poorer receptive and expressive language skills 
in a sample of 152 toddlers with ASD (mean age = 44.8 months) in 
comparison to TD normative values, using both parent-report and clinician 
administered measures.  These difficulties with receptive and expressive 
language can further be observed in older children and adults with ASD 
(Magiati, Tay, & Howlin, 2014).  For instance, Lewis, Murdoch, and Woodyatt 
(2007) found poorer performance on tasks assessing comprehension and oral 
expression within groups of children (mean age = 11.6 years) and adults 
(mean age = 34.8 years) with ASD, in contrast to groups of TD participants 
matched for age and level of education.     
Despite there being some similarities in the nature of language 
impairments within ASD with respect to the areas of pragmatic as well as 
receptive and expressive language, there is a key point of difference.  
Whereas pragmatic language is uniformly impacted in ASD (Groen et al., 
2008), receptive and expressive language skills are impacted in a more 
variable manner (Maria Mody & Belliveau, 2013).  This means that 
impairments in receptive and expressive language are frequently, but not 
always, present in individuals with ASD (Gernsbacher, Sauer, Geye, 
Schweigert, & Hill Goldsmith, 2008; Lombardo et al., 2015).  This is illustrated 
through studies that have examined the receptive and expressive language 
profiles of ASD samples using different methodologies.  This includes the use 
of standardised language tests, cluster analysis as well as neuroimaging 
based studies.  
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Standardised language tests are often used to compare the language 
profile of children with and without an ASD diagnosis.  The Clinical Evaluation 
of Language Fundamentals (CELF) is a commonly used language test that 
provides a comprehensive overview of a child’s language abilities as well as 
skills in the areas of receptive and expressive language.  A study by Hill et al. 
(2015) examined performance on the receptive and expressive language 
subtests of the CELF, Fourth Edition (CELF-4; Semel, Wiig, & Secord, 2003) in 
samples of 18 children with a Specific Language Impairment (SLI) and 42 
children with an ASD diagnosis.  These authors identified a subgroup of 22 
children from the overall ASD sample, whom alongside the SLI group, 
performed at approximately 2 standard deviations below the remaining 
children with ASD for receptive and expressive language.  Likewise, Loucas et 
al. (2008) selected a stratified subsample of 72 children with ASD and 
nonverbal IQ’s within the average range, from a larger cohort of 1515 
children with additional educational needs.  Also using the CELF-4 to measure 
receptive and expressive language skills, but with a cut-off value of 1.5 
standard deviations below age-expected mean to define language 
impairment, Loucas et al. (2008) observed 41 of the children with ASD to 
perform below this level.  
Within the context of ASD research, cluster analysis provides an 
insight into how symptoms or variables such as the growth trajectory of 
receptive and expressive language abilities, may meaningfully group together 
(Klopper et al., 2017).  This approach was used by Smith, Mirenda, and 
Zaidman-Zait (2007) to investigate the profile of growth in expressive 
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language skills within a sample of 35 toddlers with ASD all with less than 60-
word expressive vocabularies at baseline.  The analysis revealed four distinct 
trajectories of growth in expressive language over a 2-year period, with the 
largest cluster comprising 43% of the sample displaying a ‘flat’ trajectory of 
growth, compared to three other clusters marked by increasing trajectories 
but at either a slow, high or rapid rate.  Furthermore, Smith et al. (2007) 
identified ASD symptom severity as a key predictor of the trajectory of 
expressive language growth, with greater severity in the cluster of 
participants with the lowest growth trajectory.   
In a similar study Klopper et al. (2017) identified two distinct clusters 
of children with ASD (aged 5 to 14 years) characterised by either moderate or 
severe ASD symptom severity as assessed via the ADI-R and ADOS.  These 
authors also found that the children in this ‘severe’ cluster displayed 
significantly greater impairment in nonverbal IQ, although at a level still 
within the age-appropriate range, as well as significantly lower expressive 
language skills as measured via the CELF-4.  In line with these findings, Rapin, 
Dunn, Allen, Stevens, and Fein (2009) used cluster analysis in a sample of 
school-aged children with ASD to illustrate four distinct clusters of 
participants characterised by their level of receptive language skills on a 
standardised measure, varying from severely impaired to within the age-
expected range.  
Additionally, receptive and expressive language abilities may also be 
associated with unique neural differences.  This is suggested in findings from 
a recent study by Naigles et al. (2017), whom used MRI to examine neuro-
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structural composition in 104 toddlers with ASD (mean age = 36.8 months), 
whom were grouped according to their displaying of low, middle or high 
language ability on the MSEL.  These authors observed significant between 
groups differences in white matter within the inferior longitudinal fasciculus, 
which is considered to be an important pathway between multiple language 
related cortical regions (for review, see: Dick & Tremblay, 2012).  Knaus, 
Kamps, Foundas, & Tager-Flusberg (2017) also performed an MRI based 
comparison between two groups of boys with ASD (both n = 17), whom were 
grouped according to having either average or impaired expressive language 
scores on a standardised language assessment battery.  These authors 
identified significantly lower grey matter volume within the planum 
temporale, a language related region of the temporal lobe, specific to the 
children with ASD and expressive language impairment. 
 
 
4.4 Structural Language  
Structural language involves the higher order linguistic components 
of syntax, semantics, phonology and morphology.  Syntax reflects the ability 
to correctly order and construct phrases from words, whereas semantics 
refers to understanding the meaning of words (Boucher, 2012).  Phonology 
involves the correct use of pronunciation and sound in speech, and 
morphology refers to the use of small grammatical units to alter meaning, 
such as when implying possession or tense (McIntyre et al., 2017).  Research 
into the profile of structural language skills in ASD suggests that this may be a 
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specific area of weakness for some individuals (Tager-Flusberg, 2015).  
However, as with receptive and expressive language, and in contrast to 
pragmatic language, not all children with ASD have difficulties with structural 
language (Bennett et al., 2014).  Likewise, variance in the level of structural 
language skills within ASD has been found to associate with important 
differences in ASD symptom severity, functional outcomes and unique neural 
differences (Tager-Flusberg, 2006).    
A seminal early study by Kjelgaard and Tager-Flusberg (2001) 
examined the profile of structural language skills within a sample of 89 
children aged 4 to 14 years with ASD, using the CELF-3 Core Language Score 
(CLS).  The CLS provides a standardised, norm-referenced value of overall 
structural language ability as derived from tasks measuring understanding of 
word meaning (syntax) through to the ability to create structurally sound 
sentences (semantics).  These authors found that 24% of their sample had a 
CLS value below 2 standard deviations of the age-appropriate mean, which 
they considered indicative of clinically significant impairment in structural 
language ability.  Also using the CELF-3 but with a more conservative CLS 
value of below 1.5 standard deviations, Loucas et al. (2008) reported a higher 
rate of structural language impairment at 42% of their ASD sample.    
Domain specific measures are also frequently used to examine 
structural language skills in children with ASD.  Roberts, Rice, and Tager–
Flusberg (2004) examined grammatical morphological skills in 62 children 
with ASD using a structured probing task that required participants to 
respond to a series of pictures using the correct third-person singular and 
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past tense form.  A subgroup of 19 of these children with ASD were 
differentiated by displaying a higher rate of tense-based omissions and thus 
poorer morphological skills.  A more recent study by Modyanova et al. (2017) 
added to these findings by comparing groups of children with ASD with and 
without an impairment in receptive/expressive language, and groups of TD 
children matched for age and nonverbal IQ.  Using a standardised measure of 
grammatical ability to assess tense marking, these authors found significantly 
poorer tense marking ability in the ASD subgroup with impaired 
receptive/expressive language, and furthermore that tense marking abilities 
were negatively associated with ASD symptom severity.    
The evidence suggests only a subset of children with ASD have 
significant structural language difficulties, with these individuals often being 
grouped under the label autism with language impairment, or ALI (Wittke et 
al., 2017).  Studies by Lindgren, Folstein, Tomblin, and Tager-Flusberg (2009) 
and McGregor et al. (2012) have illustrated a shared profile of impairment 
between children with ALI and children with SLI, in comparison to children 
with ASD without language impairment and TD controls.  This includes 
poorer performance on tasks tapping into aspects of structural language such 
as non-word repetition (Helen Tager-Flusberg, 2015; Whitehouse, Barry, & 
Bishop, 2008), sentence repetition (Taylor, Maybery, Grayndler, & 
Whitehouse, 2014) and complex tense marking (Roberts et al., 2004). 
There are noted similarities in ASD and SLI.  For instance, studies have 
observed similar performance by children with ASD and SLI on tasks 
assessing executive-functioning skills such as set shifting and response 
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inhibition (Bishop & Norbury, 2005; Liss et al., 2001).  Likewise, a recent 
cross-sectional study did observe similar rates of fine and gross motor 
impairment on the MABC-2 in children with ASD and children with SLI 
(McPhillips et al., 2014).  Whether the similarities in structural language 
disturbances as observed in children with ALI and SLI can be explained 
through common aetiological and developmental pathways remains 
unknown and highly contested (for review, see: Taylor & Whitehouse, 2016).  
However, there is clearer consensus that structural language skills are 
impaired to a variable degree and in a more continuous manner across 
children with ASD (Hill et al., 2015; Tager-Flusberg, 2006).  The severity of 
impairment in structural language in children with ASD may also be 
associated with meaningful differences in ASD symptom severity, functional 
outcomes as well as unique neural differences.  
The relationship between structural language and both functional 
outcomes and ASD symptom severity has been examined using longitudinal 
study designs.  For instance, the prior mentioned studies by Bennett et al. 
(2008) and Szatmari et al. (2009) identified structural language skills at 6 to 8 
years in ASD (specifically syntactic and morphological language) as significant 
predictors of adaptive behavioural outcome and ASD symptom severity over 
a 10-year period, independent of nonverbal IQ.  A larger, more recent 
longitudinal examination of 421 toddlers with ASD (mean age = 39.87 
months) up to 6 years of age, suggested that better early structural language 
skills predicted better adaptive functioning and lower ASD symptom severity 
at outcome (Szatmari et al., 2015).  These longitudinal findings are in 
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alignment with those of correlational studies within school-aged ASD 
samples, demonstrating significant negative relationships between structural 
language skills and ASD symptom severity (Modyanova et al., 2017; van 
Santen, Sproat, & Hill, 2013).  At least one earlier study did fail to replicate 
this association (Lindgren et al., 2009), suggesting a need for further 
examination of this relationship.  
Alongside the links between structural language skills and ASD 
symptom severity plus functional outcomes, a small number of studies (Lai et 
al., 2015; Sharda et al., 2017) have begun examining whether variance in 
structural language skills within ASD may be associated with unique neural 
differences.  An MRI study by Lai et al. (2015) involving 80 adults with ASD 
(aged 18 – 41 years) identified significant positive associations between grey 
and white matter volume across language related regions including 
dorsolateral fronto-parietal and cerebellar structures, and performance on 
measures of lexical knowledge and semantic ability.  Another study in a 
younger ASD cohort (aged 6 to 16 years) examined this association using a 
more specific measure of structural language skills via the CELF-4 CLS (Sharda 
et al., 2017).  These authors found that increased cortical thickness in 
temporal-frontal regions corresponded with poorer structural language skills.  
Conversely, Sharda et al. (2017) also observed that pragmatic language skills 
as assessed using the CCC-2, failed to associate with variance in any cortical 
structures.  Collectively, the results of these two studies suggest that 
assessment of structural language skills, as with expressive and receptive 
language skills, and in contrast to pragmatic language skills, may provide an 
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4.5 Impaired Language Ability as a Variable of Interest in ASD 
Language continues to be a key variable of interest within ASD both 
clinically and in research.  The literature reviewed within this chapter 
demonstrates a clear progression from a prior focus upon whether or not 
language development was delayed, to examining for meaningful differences 
in the language profile in ASD (Grzadzinski et al., 2013; Lai et al., 2015).  This 
progression is clearly encapsulated with the inclusion of a clinical specifier for 
language impairment within the ASD diagnosis in DSM 5 (APA, 2013).  This 
actively encourages clinicians to assess and account for the profile of 
language skills, which as has been demonstrated throughout this chapter, 
can be done in an objective, reliable manner through the use of standardised 
language measures such as the CELF (Bennett et al., 2008; Sharda et al., 
2017). 
Impairments within pragmatic language are a core, universal feature 
of ASD (Groen et al., 2008).  In contrast, receptive, expressive and structural 
language skills within ASD are affected in a far more variable manner.  The 
severity of the language problems in these aforementioned areas appears to 
be related to functional and prognostic outcomes (Bennett et al., 2014; 
Szatmari et al., 2009), ASD symptom severity (Klopper et al., 2017; 
Modyanova et al., 2017) and unique neural differences (Naigles et al., 2017) 
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in ASD.  Assessing language skills in ASD may thus provide an additional 
marker for identifying clinically meaningful outcomes in this group (Sharda et 
al., 2017).  This is then hoped to lead to a better understanding of the 
underlying neurobiology of ASD, the possibility of an earlier age of diagnosis 
as well as the production of truly tailored interventions (Kover et al., 2013; 
Wittke et al., 2017).  To build upon these findings there is a need to 
investigate whether variance in language skills can be combined with 
variance in other key functional domains that can likewise be assessed in an 
objective, reliable manner, such as motor skills.   

















 CHAPTER 5: THE RELATIONSHIP BETWEEN MOTOR AND LANGUAGE ABILITY  
 
 
Motor and language systems together play an important role in 
childhood development and wellbeing (Campos et al., 2000).  Both motor 
and language systems are thought to develop in a highly inter-related 
manner from a young age (Iverson, 2010), with disturbances in one system 
typically coinciding with disturbances in the other (Gillberg, 2010; Iverson & 
Braddock, 2011).  Better understanding the nature of this association may 
illustrate pathways of atypical development in neurodevelopmental 
conditions such as ASD (Dyck & Piek, 2010).  Clinically this may also provide a 
clearer indication of which children may be at greater risk of adverse 
developmental outcomes and enable earlier, targeted intervention (Grace et 
al., 2017; Leonard et al., 2015). 
This chapter commences with examining the influence of early motor 
dysfunction on language outcomes in children with and without ASD, 
emphasising the developmentally constraining nature of early motor 
dysfunction through quantitatively and qualitatively reducing opportunities 
for environmental and caregiver interactions (Leonard & Hill, 2014).  The 
following section examines shared structural and functional pathways 
involving the cerebellum, as a potential mechanism to better understand the 
link between specific motor and language disturbances (D'Mello & Stoodley, 
2015).  The final section explores the interrelation between both motor and 
language disturbances with ASD symptom severity, and concludes by 
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highlighting the need for further investigation of the relationship between 
motor functions such as gait and clinical characteristics including the profile 
of language skills, intellectual ability and level of ASD symptom severity.  
Doing so forms important early steps in the pathway to uncovering shared 
mechanisms of dysfunction and thus enhanced means of both early 




5.1 Developmental Trajectories of Motor and Language Abilities  
 
Motor and language abilities appear to be related from a young age in 
typically and atypically developing populations (Whitmore, Romski, & Sevcik, 
2014).  Studies of TD infant and preschool-aged samples consistently 
demonstrate significant positive associations between fine and gross motor 
skills with receptive and expressive language abilities (Alcock & Krawczyk, 
2010; Ross, Demaria, & Yap, 2018; Wang, Lekhal, Aaro, & Schjolberg, 2014).  
Likewise, primary school-aged TD children who perform better on manual 
dexterity and gross motor tasks tend to score highly on standardised 
measures assessing the profile of receptive, expressive and structural 
language abilities (Cheng, Chen, Tsai, Chen, & Cherng, 2009; Obeid & Brooks, 
2018).   A similar association between motor and language abilities is 
observed in atypically developing populations (Iverson & Braddock, 2011), 
albeit with disturbances in one domain frequently coinciding with 
disturbances in the other (Dyck & Piek, 2010).  This means that toddlers and 
primary school aged children with ASD who have more severe fine and gross 
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motor disturbances, also tend to have poorer receptive, expressive and 
structural language abilities (Barbeau et al., 2015; Kelly, Walker, & Norbury, 
2013), independent of the influence of nonverbal cognitive ability 
(Noterdaeme, Mildenberger, Minow, & Amorosa, 2002). 
One theoretical explanation for this relationship is that motor and 
language skills are related in a cumulative manner during development 
(Johnson, Gliga, Jones, & Charman, 2015).  Specifically, the rate and integrity 
of early motor development during infancy may directly influence the rate 
and integrity of expressive and receptive language development (Choi, 
Leech, Tager-Flusberg, & Nelson, 2018).  Such a relationship between 
developing motor and language systems can be viewed through the lens of a 
developmental-cascading theory of development (Masten & Cicchetti, 2010). 
Developmental cascades are defined as “the cumulative 
consequences for development of the many interactions and transactions 
occurring in developing systems” (Masten & Cicchetti, 2010, p. 291).  In line 
with the concept of a developmental cascade, early disturbances in one 
developmental system, such as the motor system, may create a ‘knock-on’ 
type effect upon another developmental system, such as the language 
system (Needham & Libertus, 2011).  For example, the development of gross 
motor abilities such as sitting and crawling provide infants with new 
opportunities to explore and interact with their environment and caregivers 
(Soska & Adolph, 2014), which is a primary means through which receptive 
and expressive language development occurs (Iverson, 2010).  Likewise, the 
qualitative nature of the interactions between infants and their caregivers 
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evolves alongside the development of fine and gross motor skills (Leonard & 
Hill, 2014).  This is illustrated by findings which suggest that caregivers 
provide more complex verbal input and responses according to the 
complexity of the motor behaviour displayed by their child (Clearfield, 2011; 
West & Iverson, 2017). 
To explain the high co-occurrence and correlation of motor and 
language disturbances in children with and without ASD (Cheng et al., 2009; 
Gernsbacher et al., 2008; Kelly et al., 2013), authors have theorised that early 
motor disturbances may limit opportunities for interaction with the caregiver 
and the environment (Bhat, Galloway, & Landa, 2012; Leonard & Hill, 2014), 
subsequently influencing poorer language outcomes.  Evidence in support of 
this developmental cascading effect comes from prospective and longitudinal 
studies which have identified early fine and gross motor skills as significant 
predictors of later receptive and expressive language outcomes in HR infants 
who go on to obtain an ASD diagnosis (Mody et al., 2016).  This includes a 
prospective study by Choi et al. (2018), who examined the growth trajectory 
of fine motor, expressive and receptive language skills as measured using the 
MSEL, from 6 to 12 months in groups of HR and TD infants.  These authors 
found that HR infants were distinguished from TD infants by possessing 
poorer fine motor skills from 6 months of age, and that fine motor skill at 6 
months was a significant predictor of expressive language outcomes at 36 
months in both groups.   
Similar prospective comparisons between HR and TD infant groups by 
Leonard et al. (2015) identified early gross motor skills as a predictor of 
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expressive language outcome at 36 months of age.  In contrast to the 
findings of Choi et al. (2018) however, this study identified that the rate of 
expressive language growth as predicted by gross motor skill, was significant 
only for HR infants whom obtained a later ASD diagnosis.  This contrast 
suggests that there may be something different about the nature of the 
interaction between developing motor and language systems in ASD.  An 
example of this difference is illustrated when comparing the interaction 
between the onset of walking and the growth of language in HR and TD 
infants.  
The onset of independent walking is considered an important motor 
milestone for the development of language skills in infancy (Karasik, Tamis-
Lemonda, & Adolph, 2014).  This is because the onset of walking provides 
enhanced opportunity for seeking and interacting with caregivers and the 
exploration of surroundings (Minxuan et al., 2015).  Accordingly, the mean 
age of walking onset in TD infants has consistently been demonstrated to 
predict the rate of growth in both expressive and receptive language skills 
(Oudgenoeg-Paz, Volman, & Leseman, 2012; Walle & Campos, 2014).  A 
recent study by West, Leezenbaum, Northrup, and Iverson (2017) added to 
these findings by directly comparing the relationship between age of walking 
onset and language development across three group of HR infants whom 
either obtained a later ASD diagnosis, obtained a later language impairment 
diagnosis or received no diagnosis, and a group of TD infants.  These authors 
found that only the group comprising HR infants whom obtained a later ASD 
diagnosis, displayed a significantly lower rate of increase in receptive and 
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expressive language skills compared to all other groups, following the onset 
of walking.  
In line with the findings of West et al. (2017), it may be that even 
when children with ASD reach major motor milestones such as the onset of 
walking, the quality and quantity of their interactions within their 
surroundings, and thus the developmental opportunity for communication 
and language systems (Iverson, 2010), may be reduced.  This is suggested in a 
study by Srinivasan and Bhat (2016), whereby instances of object sharing and 
approaches made to caregivers was significantly greater in TD compared to 
HR infants at the onset of walking.  Similarly, a retrospective home-video 
analysis of HR and TD infants noted that during the period of first walking, HR 
infants tended not to display the same profile of caregiver seeking and goal 
directed activity as seen in the TD infants (Gisela, 1990). 
The developmental cascading effect of motor disturbances on 
language skills in ASD has mainly been investigated in infancy and very early 
childhood, but may extend beyond this period.  This is suggested by findings 
from a large database study of 1781 children with ASD aged 2 to 17 years, 
which identified both fine and gross motor skills as significant predictors of 
outcomes in receptive and expressive language as assessed via the MSEL 
(Mody et al., 2017).  In a similar manner Bedford, Pickles, and Lord (2016) 
observed the age of walking onset to be a significant predictor of the rate of 
receptive and expressive language growth at up to 9 years, in a sample of 
209 infants with ASD.  Although further longitudinal research beyond early 
childhood is required, it would seem likely that impaired motor functioning 
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would continue to interact with and influence the integrity of language skills 




5.2 Links between the Cerebellum and Motor and Language Disturbances  
The cerebellum is important for motor, language and cognitive 
functioning due to its connections with the regions of the cerebral cortex 
that are responsible for these functions (Morton & Bastian, 2007).  The 
anterior cerebellum is thought to be linked with motor functioning, and the 
posterior cerebellum associated with higher-order processes including 
language (Moore, D’Mello, McGrath, & Stoodley, 2017).  The roles of these 
areas are also likely to be inter-related to an extent (Cerminara & Apps, 
2011; King, Navot, Bernier, & Webb, 2014).  Much of our knowledge about 
the functional roles of the cerebellum comes from studies examining 
individuals with organic damage or malformation to these regions, through 
mechanisms such as stroke, surgical resection or birthing related anomalies.   
  In regards to motor functioning, individuals with damage to the 
anterior cerebellum can often be seen to display ataxia or disorganisation of 
posture (Schoch, Dimitrova, Gizewski, & Timmann, 2006), and poorer 
performance on tasks requiring manual dexterity (D’Ambrosio et al., 2017).  
The integrity of gait in particular appears to be highly dependent upon the 
anterior cerebellum, as this region is thought to regulate the timing and 
coordination of the large muscular movements that are implicated in this 
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task (Paquet et al., 2016).  The term ‘cerebellar gait ataxia’ is commonly used 
in reference to the wide-based and staggering profile of walking often 
displayed by individuals with damage to this region (Salman & Tsai, 2016).  
Other cerebellar-type gait anomalies have been reported in children who 
have had surgical resection of the anterior cerebellar vermis due to tumour.  
Such children often display postoperative anomalies including atypical stride 
length and pronounced difficulties with tandem gait (Bastian, Mink, 
Kaufman, & Thach, 1998). Many authors have suggested a similar mechanism 
of cerebellar disturbance to explain their findings of a cerebellar ataxia type 
gait profile in children and young adults with ASD (Ambrosini et al., 1998; 
Nayate et al., 2012; Rinehart et al., 2006b; Weiss et al., 2013). 
Damage to the cerebellum may have implications that extend beyond 
the motor domain, with the posterior cerebellum now considered an 
important component of higher order cognitive processes including language 
(Mariën et al., 2014; Moore et al., 2017).  This is demonstrated by studies 
that have identified a high rate of later expressive language deficits in 
children with cerebellar brain malformations (Bolduc et al., 2011).  Children 
born with organic injury involving the posterior cerebellar regions have also 
been found to perform significantly worse than their TD peers on both the 
receptive and expressive language subscales of the MSEL (Limperopoulos et 
al., 2007).   
Atypical structure and function of the cerebellum has been studied 
extensively as a putative mechanism for ASD and the clinical features of this 
disorder (for reviews of this extensive literature, see; Johnson, Stanley-Cary, 
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Fielding, Rinehart, & Papadopoulos, 2014; Mosconi, Wang, Schmitt, Tsai, & 
Sweeney, 2015; Stoodley, 2016).  With respect to ASD, findings of 
neuroanatomical differences in the volumes of grey and white matter, as 
well as overall cerebellar volume, are varied and inconsistent (Waterhouse et 
al., 2016).  Where some studies have found greater total cerebellar white 
matter volume in ASD compared to TD individuals (Noriuchi et al., 2010), 
others have found either comparatively decreased cerebellar white matter 
volume (Laidi et al., 2017), or no significant differences between ASD and TD 
groups in overall cerebellar volume (Traut et al., 2018).  This inconsistency in 
findings of cerebellar anomalies mirrors that seen across structural 
comparisons of other neural regions between ASD and TD samples (Riddle et 
al., 2017), and is likely influenced by factors including the use of different 
imaging techniques and overall heterogeneity (Katuwal et al., 2016).  Despite 
these limitations, there is a small but growing number of studies that have 
identified structural and functional differences in the anterior and posterior 
cerebellum specifically within ASD samples, combined with associations 
between the atypical functioning of these regions and performance on motor 
and language tasks (D'Mello & Stoodley, 2015).   
In regards to the anterior cerebellum and motor functioning, Walker 
et al. (2012) found significantly reduced white matter within this cerebellar 
region in a sample of young children with ASD aged 2 to 8 years, in 
comparison to age and gender matched TD peers.  Functional Magnetic 
Resonance Imaging (FMRI) based studies by Mostofsky et al. (2009) and 
Allen, Müller, and Courchesne (2004) have demonstrated that children with 
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ASD can be differentiated from TD peers on motor tasks involving finger 
tapping, through their displaying of an atypical pattern of activation in the 
anterior cerebellum.   
In relation to the posterior cerebellum and language functioning in 
ASD, one study demonstrated a positive association between performance 
on a measure of structural language ability and increased grey matter 
volume in this region (Lai et al., 2015).  Hodge et al. (2010) also identified an 
asymmetry in right and left hemispheric volume of the posterior cerebellum, 
between children with ASD with and without a comorbid structural language 
impairment.  Another FMRI based study further suggested that children with 
ASD fail to display the same degree of activation in the contralateral 
cerebellum as TD children on a task assessing structural language skills such 
as semantic comprehension (Groen et al., 2010).  
Whether children with co-occurring language and gait disturbances 
may display abnormalities in both the posterior and anterior cerebellum is 
not yet known.  It is also important to note that structural and functional 
disturbances of the cerebellum are unlikely to solely explain why motor and 
language deficits appear to be associated in some children with ASD 
(Margolesky & Singer, 2018; Paquet et al., 2016).  Indeed, structural 
anomalies in other neural regions such as the basal ganglia, have been found 
to associate with the severity of motor impairments in individuals with and 
without ASD (Qiu, Adler, Crocetti, Miller, & Mostofsky, 2010; Rosano, Brach, 
Studenski, Longstreth Jr, & Newman, 2007), and are also implicated in the 
integrity of receptive and expressive language abilities (Subramanian et al., 
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2017).  However, the literature reviewed in this section does suggest that 
structural and functional variation in specific areas of the cerebellum may 
explain some of the variance in motor and language skills observed in 
children with ASD.  One other explanation for the association between motor 
and language disturbances implicates the variable of ASD symptom severity. 
 
 
5.3 Association between ASD Symptom Severity, Motor and Language 
Disturbances  
        The level of ASD symptom severity has been identified as a factor that 
is associated with the presence and degree of impairment in both motor and 
language functioning (Kelly et al., 2013).  Studies have demonstrated that 
children with ASD who score higher on measures of ASD symptom severity, 
regardless of whether this is assessed using clinician administered measures 
such as the ADOS or parent report checklists such as the SRS, also tend to 
display more severe impairment on tasks of motor function (Kern et al., 
2011; MacDonald et al., 2014).  The findings of Grace et al. (2017)  and 
MacDonald et al. (2014) further suggest that elevated ASD symptomology in 
TD children is also associated with greater motor disturbances, which 
highlights the need to consider a dimensional approach when examining this 
relationship. 
In a similar manner, children with ASD whom score higher on these 
same measures of ASD symptom severity tend to display a greater degree of 
impairment on measures of receptive and expressive language ability 
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(Klopper et al., 2017; Smith et al., 2007).  As noted in the study by Kelly et al. 
(2013), children with ASD and a comorbid language impairment diagnosis 
have been found to display both greater motor impairment and greater ASD 
symptom severity, than those with ASD without a comorbid language 
impairment. 
Such findings are aligned with Gillberg’s (2010) theoretical models on 
shared symptom expression and underlying mechanisms across the 
neurodevelopmental disorders.  Specifically, Gillberg (2010) coined the 
acronym ESSENCE, which stands for Early Symptomatic Syndromes Eliciting 
Neurodevelopmental Clinical Examinations.  He used this term in reference 
to the manner in which impairments in emerging developmental functions 
such as motor coordination, language, attention and social interrelatedness, 
tend to co-occur throughout childhood.  ESSENCE builds upon the previous 
conceptualisations of DAMP, a term used to describe the frequent co-
occurrence of early childhood disturbances in attention, motor control and 
perception (Gillberg, 2003). 
Building on the concept of ESSENCE, Gillberg and Fernell (2014) also 
noted how it is often the co-occurring deficit or condition in ASD, which 
contributes greatly to the degree of overall functional impairment observed.  
Accordingly, it may be the comorbid language disturbance or impairment in 
motor coordination that contributes to the more severe presentation of a 
child with “autism-plus” (Gillberg & Fernell, 2014, p. 3274).  The notion of 
autism-plus finds support from studies demonstrating a strong positive 
association between ASD symptom severity and the prevalence of comorbid 
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pathology in children with ASD (Andersen, Hovik, Skogli, & Oie, 2017; 
Rosenberg, Kaufmann, Law, & Law, 2011).   
These theories are also commonly referenced to explain why children 
with and without ASD, who have a higher degree of comorbid psychiatric 
symptomology, also tend to display a greater degree of functional 
impairment in areas ranging from fine motor skills to adaptive behavioural 
and language outcomes (Grace et al., 2017; Mansour, Dovi, Lane, Loveland, & 
Pearson, 2017; Stevenson et al., 2017).  In line with the concept of autism 
plus as proposed by Gillberg (2010) it would be expected that children with 
ASD and poorer language skills would also display a higher degree of 
impairment in their motor functioning, and vice-versa.  In line with the 
concept of a neurodevelopmental continuum, elevated ASD symptom 
severity in children with and without ASD would also be expected to 
associate with greater motor, language and functional disturbances 




5.4 Further Investigating the Relationship between Motor and Language   
Abilities    
 In order to further our understanding of the nature of the 
relationship between motor and language functioning in typical and atypical 
development, there is a need to examine whether specific aspects of motor 
impairment, such as atypical gait, may be related to the severity of 
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impairment in specific areas of language functioning (May et al., 2016; Weiss 
et al., 2013). Likewise, it will be important to examine how other clinical 
characteristics, such as the level of ASD symptom severity and intellectual 
ability, may be associated with any such motor-based disturbances.  A more 
comprehensive understanding of the nature of these associations may 
provide an important insight into early markers of atypical development, and 
eventually a means of earlier identification and targeted intervention (Grace 









Building upon early clinical accounts of atypical gait in ASD by 
Damasio and Maurer (1978) and Vilensky et al. (1981), prior research 
suggests that children with ASD may display a unique profile of gait 
disturbances marked by shorter, wider strides at a slower velocity (Lim et al., 
2016; Nobile et al., 2011).  However, as highlighted in the review of the ASD-
gait literature in Chapter 4, findings to date have been inconsistent and 
limited by a lack of methodological consistency across studies.  There is also 
further need for investigation of the possible effects of altered gait 
conditions, as this may influence the nature of gait disturbances observed.  
Specifically, replication of the tandem gait protocol as implemented in 
Rinehart et al. (2006b) is important given that difficulties with tandem gait 
performance are well documented in ASD (Behere et al., 2012; Jansiewicz et 
al., 2006), and thus may form a particularly sensitive marker of motor 
disturbance in this population.   
As discussed in Chapters 2, 4 and 5, disturbances in motor function 
often present alongside disturbances in receptive, expressive and structural 
language abilities (Cheng et al., 2009; Kelley et al., 2013; McPhillips et al., 
2014).  Intellectual ability and the level of ASD symptom severity appear to 
be associated with the integrity of motor function in a similar manner (Grace 
et al., 2017; Travers et al., 2018).  Whether these associations extend to gait 
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function remains largely unexamined.  As such, enhanced understanding and 
characterisation of gait function according to its relationship with these 
clinical variables is hoped to provide a clearer indication of which individuals 
are likely to be more severely affected, and allow a more tailored approach 
to intervention.        
More broadly, this work forms an important early step towards 
addressing some key clinical limitations including the lack of objective, 
reliable markers available at present to assist in the clinical diagnosis of ASD.  
Furthermore, providing a deeper understanding of ASD along the dimensions 
of both motor and language networks, as in line with the NIMH RDoC models 
of mental illness (Cuthbert & Insel, 2013), provides an important pathway 
towards gradually delineating the underlying circuitry of this 
neurodevelopmental disorder.   
 
 
6.2 Aims and Hypotheses 
 There were two overarching aims for this thesis.  The first was to 
assess the spatiotemporal gait profile of children with ASD using 
instrumental gait analysis.  The second was to explore the clinical correlates 
of gait function, focussing upon the relationship between gait and the profile 
of language skills, intellectual ability and level of ASD symptom severity.   




Aim 1 was to examine for differences in the gait profile between a 
well-defined sample of children with ASD, and a sample of TD controls of 
similar demographic, anthropometric and cognitive characteristics, across a 
variety of walking conditions (self-selected preferred pace, self-selected fast 
pace and tandem gait). 
It was hypothesised that the children with ASD will be differentiated 
by displaying a unique profile of spatial gait parameters including; a 
reduction in stride length, an increase in stride width and an increase in 
lateral-deviation.  Expected differences in the profile of temporal gait 
parameters include: a reduction in velocity and increase in double support 
time.  It was further hypothesised that differences in gait function between 
groups would be more pronounced in the fast pace and tandem gait 
conditions. 
 
Aim 2 was to examine whether any identified differences in the gait 
profile are associated with differences in the profile of language skills, in the 
areas of receptive, expressive and structural language.   
It was hypothesised that children with and without ASD whom scored 
lower on measures of receptive, expressive and structural language would 
demonstrate greater impairments in gait function.  
 
Aim 3 was to examine whether any identified differences in the gait 
profile are associated with differences in the level of intellectual ability.   
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It was hypothesised that children with and without ASD whom scored 
lower on the measure of intellectual ability would demonstrate greater 
impairments in gait function.   
 
 
Finally, aim 4 was to examine whether any identified differences in 
the gait profile are associated with differences in ratings of ASD symptom 
severity.   
It was hypothesised that children with and without ASD whom scored 
higher on ratings of ASD symptom severity would demonstrate greater 




CHAPTER 7: METHOD 
 
The research presented in this thesis was conducted as one large 
study, over one to two testing sessions as required.  Note that for ease of 
interpretation the results of this thesis are presented in two parts, Chapters 8 
and 9.  The current chapter provides an overview of all methodological 
aspects of the research presented in Chapters 8 and 9.  This includes 
information pertaining to ethics, participant recruitment and characteristics, 




Ethics approval for this project was granted by the Deakin University 
Human Research Ethics Committee, as well as the Department of Education 
and Training (see Appendix A and B).  As all participants were under 18 years 
of age, either their parent or legal guardian provided informed consent prior 
to their being allowed to participate (see Appendix C). 
 
 
7.2 Participant Recruitment  
 
7.2.1 ASD Participant Group 
 Participants with ASD were recruited via the publication of online 
advertisements on the noticeboards of ASD community groups including 
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AMAZE and Asperger’s Victoria (See Appendix D), and the distribution of 
advertising brochures placed in the reception area of a private occupational 
therapy clinic (See Appendix E).  A clinical psychologist from a private 
paediatric clinic also identified patients meeting inclusion criteria and mailed 
a letter of invitation and letter of interest to be returned if interested in 
participating (see Appendix F).  Participants with ASD were also recruited 
through having participated in prior research and consenting to being 
contacted about future research.  
 All advertising materials included an overview of the study, inclusion 
criteria (discussed shortly) and contact details of the author, with 
instructions to contact for further information or to express interest in 
participation.  Plain language statements and consent forms (see Appendix C) 
were provided to participants upon contacting the author, and following 
confirmation of meeting inclusion criteria a time for participation organised.   
 
7.2.2 TD Participant Group 
 Typically developing control participants were recruited via 
advertisement flyers placed around Deakin University Burwood Campus (See 
Appendix G), online advertisement through Deakin University affiliated social 
media pages as well as through the researcher’s social networks.  Ethics 
approval was granted from the Department of Education and training to 
recruit through public primary schools in the local metropolitan area, and 




7.3 Participant Characteristics 
 
7.3.1 ASD Participants 
Twenty participants with ASD were recruited into the study based 
upon the following inclusion criteria; being aged between 6 to 11 years and 
having a parent reported ASD diagnosis (note that diagnosis occurred 
independent from this research, although relevant diagnostic documentation 
was cited).  Exclusion criteria included any diagnosed neurological or genetic 
condition (such as epilepsy or Fragile X syndrome), and any recent injury to 
the lower limbs (such as a sprained ankle) or medical condition (such as 
Cerebral Palsy) which could potentially alter their performance on the gait 
task.  This information was derived via screening interview with a parent or 
guardian for each participant prior to testing.  Four participants with ASD 
were unable to complete the study, with two having physical injuries and 
conditions affecting the lower-limbs that would have altered their 
performance on the gait task, and two unable to attend the gait-testing site 
due to logistical constraints.  Of the 16 participants with ASD included in the 
current research, six had pre-existing gait and cognitive data from the pre-
intervention testing for a larger longitudinal study.    
 The final sample of participants with ASD comprised 16 children, 11 
boys and five girls, whom were aged from 6.92 to 10.78 years (M = 8.66, SD = 
1.35).  The mean estimated FSIQ (derived using the Wechsler Abbreviated 
Scale for Intelligence - Second Edition (WASI-II; Weschler, 2011)  for the ASD 
group was within the ‘average’ range at 101.36 (SD = 15.47), and the mean 
96 
 
total ASD symptom severity score (derived using the Social Responsiveness 
Scale - Second Edition (SRS-2; Constantino & Gruber, 2012) within the 
‘severe’ range at 77.07 (SD = 8.09).    
 
7.3.2 TD Participants 
 Fourteen participants were recruited into the TD group based upon 
being aged between 6 to 11 years and having no history of an ASD or other 
neurodevelopmental disorder diagnosis as per parent report.  This 
information was derived via screening interview with a parent or guardian 
for each participant prior to testing.    The same exclusion criteria as for ASD 
participants also featured for TD participants (no diagnosed neurological, 
genetic or medical condition, no recent injury that could potentially alter 
performance on the gait task).  No TD participants were excluded from 
participating.  
The final sample of TD participants comprised 14 children, eight boys 
and six girls, whom were aged from 6.86 to 11.47 years (M = 9.54, SD = 1.43).  
The mean estimated FSIQ for the TD group was within the ‘high average’ 
range at 111.07 (SD = 9.94), and the mean ASD symptom severity score 
within the ‘normal limits’ range at 48.86 (SD = 9.94).  Please refer to Table 









Participant Characteristics for ASD and TD Groups 
Characteristic ASD (n = 16) TD (n = 14) 
 M (SD) or n (%) M (SD) or n (%) 
Demographic   
     Age 8.66 (1.35) 9.54 (1.43) 
     Gender – male 11 (68.8%) 8 (57.1%) 
Anthropometric   
     Height  135.14 (11.4) 136.25 (9.51) 
      Weight  35.15 (13.65) 30.96 (7.42) 
WASI-II   
     VCI 97.73 (15.28) 122.8 (2.59) 
     PRI 99 (18.11) 114.71 (7.83) 
     FSIQ 101.36 (15.47) 111.07 (9.94) 
CELF-4   
     RLI 99 (13.94) 108.46 (13) 
     ELI 101.5 (16.15) 108.86 (12.57) 
     CLS 100.4 (16.41) 107.5 (13.17)  
SRS-2   
     SCI 75.29 (8.55) 48.43 (10.62) 
     RRB 80.36 (9.04) 50.57 (7.81) 
     Total ASD      
     symptomology 
77.07 (8.09) 48.86 (9.94) 
Note. Total n reported is not always consistent with the total sample size due to 
 missing data for some items. WASI-II= Wechsler Abbreviated Scale of Intelligence, 
 second edition; VCI= Verbal Comprehension Index; PRI= Perceptual Reasoning Index; FSIQ = 
Full Scale IQ; CELF-4= Clinical Evaluation of Language Fundamentals,  
fourth edition; RLI= Receptive Language Index; ELI= Expressive Language Index; 
 CLS= Core Language Score; SRS-2= Social Responsiveness Scale, second edition; 
 SCI= Social Communication and Interaction; RRB= Restricted and Repetitive Behaviour.  
 
 
No significant differences between ASD and TD groups were 
identified for the demographic variables of age, t(28) = 1.73, p = .094, d = -
.63; gender, χ2(1) = .08, p = .781, phi = -.12; height, t(28) = .286, p = .777, d = 
-.11; or weight, t(28) = 1.022, p = .316, d = .38.  Significant differences were 
identified for the cognitive variables of verbal comprehension ability (VCI), 
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t(14) = 3.58, p = .003, d = -2.29; and for perceptual reasoning ability (PRI), 
t(16) = 2.15, p = .047, d = -1.13, but no significant difference was apparent 
between ASD and TD participants on estimated overall intellectual ability 
(FSIQ), t(26)  = 1.97, p = .059, d = -.75.  No significant differences between 
ASD and TD groups were identified for the language variables of receptive 
language (RLI), t(20) = 1.63, p = .119, d = -.70; expressive language (ELI), t(22) 
= 1.25, p = .222, d = -.51; or structural language (CLS), t(22)= 1.18, p = .252, d 
= -.48.   Finally, the ASD group demonstrated significantly higher ratings of 
ASD symptom severity than the TD group, for socio-communicative 
symptoms (SCI), t(26) = 8.71, p ≤ .001, d = 2.79; restricted and repetitive 
behavioural symptoms (RRB), t(26) = 9.33, p ≤ .001, d = 3.52; and for total 





7.4.1 Measure of Intellectual Ability 
  Participants were administered the Wechsler Abbreviated Scale of 
Intelligence, Second Edition (WASI-II), a brief, standardised measure of IQ for 
individuals ranging from 6 to 90 years of age.  It is comprised of four 
subtests, namely block design, vocabulary, matrix reasoning and similarities.  
In the block design subtest participants use a number of multi-
coloured blocks to recreate presented designs in a time-limited manner.  In 
the vocabulary subtest participants provide definitions to a list of presented 
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pictures and words.  In the matrix reasoning subtest participants select one 
from many possible response options to complete a missing pattern or 
series.  In the similarities subtest participants are presented with two 
pictures or words and required to describe how they are similar.  Either two 
(vocabulary & matrix reasoning) or all four subtests (block design, 
vocabulary, matrix reasoning & similarities) are combined to provide an 
estimate of FSIQ with a mean score of 100 and standard deviation of 15.   
The WASI-II has been used as an estimate of FSIQ for both TD and 
ASD participants in multiple prior studies (Bitsika & Sharpley, 2015; Keenan, 
Newman, Gray, & Rinehart, 2017; Latham, Chung, Allen, Tavassoli, & Baron-
Cohen, 2013; McCollum, LaVesser, & Berg, 2016).  Detailed information on 
the psychometric properties of the WASI-II are contained within the testing 
manual (Weschler, 2011).  Reliability across all subtests and the FSIQ score, 
as assessed via a split-half measure of internal consistency, ranges from r = 
.87 to r =  .96 in children aged 6 to 16 years.  Likewise, test-retest stability at 
an interval of 12 to 88 days in the 6 to 11 year old age band across all 
subtests and the FSIQ score, ranges from r = .76 to r = .96.  The WASI-II 
demonstrates concurrent validity with alternative measures of intellectual 
ability including the previous WASI and the Wechsler Intelligence Scale for 
Children, Fourth Edition (WISC-IV), with correlations ranging from r = .71 to r 






7.4.2 Measure of Language 
  Participants completed The Clinical Evaluation of Language 
Fundamentals, Fourth edition (CELF 4), a standardised measure for detecting 
and diagnosing language impairments in children aged 5 to 21 years.  In 
order to derive norm-referenced values for an overall Core Language Score 
(CLS; reflecting a child’s general language ability including structural language 
skills), as well as composite values including a Receptive Language Index (RLI; 
reflecting listening and auditory comprehension skills) and an Expressive 
Language Index (ELI; reflecting expressive language skills), children 
completed a number of subtests as listed in Table 2.2.  The CLS, RLI and ELI 































Description of Subtests of the CELF-4 Used To Derive a Core Language Score, 
Receptive Language Index and Expressive Language Index 
Composite language index Subtest Description 
CLS Concepts and following 
directionsa,b 
Child points to a sequence 
of objects as per oral 
directions 
 Word structurea Child completes an orally 
presented sentence to a 
related picture 
 Recalling sentencesab Child recalls verbatim an 
orally presented sentence 
 Formulated sentencesa,b Child uses a provided word 
to formulate a sentence in 
relation to a presented 
picture 
 Word classes 2 totalb Child chooses 2 out of 4 
presented words which are 
closest aligned semantically 
RLI Concepts and following 
directionsa,b 
 
 Word classes 1-2 
receptivea,b 
 
 Sentence structurea Child points to 1 out of 4 
presented pictures which 
best illustrates an orally 
provided sentence 
ELI  Word structurea  
 Recalling sentencesa,b  
 Formulated sentencesa,b  
 Word classes 2 exressiveb  
Note. CELF-4= Clinical Evaluation of Language Fundamentals, Fourth Edition; CLS= Core Language 
Score; RLI= Receptive Language Index; ELI= Expressive Language Index 
a = Used to calculate the respective CLS, RLI and ELI score for children aged 5 to 8 years 




The CELF-4 has previously been used to provide a comprehensive 
assessment of language in both TD and ASD samples (Bennett et al., 2014; 
Harper-Hill, Copland, & Arnott, 2013; McIntyre et al., 2017) and the CLS score 
used specifically to reflect structural language skills (Sharda et al., 2017; 
Williams, Payne, & Marshall, 2013).  In line with the aforementioned studies, 
the CLS score within this thesis was used as a measure of structural language 
skills. 
According to the CELF-4 manual (Semel et al., 2003, p. 263), reliability 
across all CLS, ELI and RLI composite scores, as assessed via a split-half 
measure of internal consistency across children from all age bands (5 to 21 
years), ranges from r =  .90 to r =  .96.  Test-retest stability for the 
aforementioned composite scores, at an interval ranging from 7 to 56 days, 
ranges from r = .77 to r = .90.  The CELF-4 composite values of CLS, ELI and 
RLI also show strong positive associations with the analogous composite 
values contained in the CELF-3, indicative of concurrent validity. 
 
7.4.3 Measure of ASD Symptom Severity 
  The Social Responsiveness Scale - Second Edition (SRS-2) is a 65-
item, objective assessment of the socio-communicative and repetitive-
stereotypic type behaviours inherent within ASD.  The parent report form for 
children aged 4 to 18 years was utilised in this research, which has parents 
rate on a 4-point likert scale from ‘1 = Not True’ to ‘4 = Almost Always True’, 
the degree to which their child displays a variety of behaviours, for e.g., 
“Focuses his or her attention to where others are looking or listening”.  Items 
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are summed to produce five treatment subscale scores, including social 
awareness (alertness to others social cues), social cognition (interpretation of 
social cues), social communication (engagement in reciprocal and expressive 
communication), social motivation (interest in engaging others socially) plus 
restricted interests and repetitive behaviours (RRB; stereotypical behaviours 
and narrowly delineated interests). The RRB subscale also sits alongside a 
social communication and interaction subscale (SCI; deficits in socio-
communicative interactions) as ‘DSM-5 compatible scales’, as well as an SRS-
2 total score, which represents the overall severity of social deficits in ASD 
(Constantino & Gruber, 2012).  All raw-scores are converted to T-scores with 
a mean of 50 and standard deviation of 10.    
The SRS-2 is commonly used as a means of screening for ASD, either 
as an exclusionary criteria for TD children, or as a confirmatory inclusion 
criteria for children with ASD (Glod, Riby, Honey, & Rodgers, 2017; McStay, 
Dissanayake, Scheeren, Koot, & Begeer, 2013).  It is also used as a measure of 
ASD symptom severity (Duvekot, van der Ende, Constantino, Verhulst, & 
Greaves-Lord, 2016; Griffin, Lombardo, & Auyeung, 2016), with the SRS-2 T-
score total corresponding to four different levels of severity.  SRS-2 total T-
scores below 59 are considered ‘within normal limits’, between 60 and 65 
considered within the ‘mild range’ of impairment, between 66 and 75 within 
the ‘moderate range’ of impairment, with total scores of 76 and greater 
within the ‘severe range’ and indicative of clinically significant disturbances 
(Constantino & Gruber, 2012). 
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         The SRS-2 manual (Constantino & Gruber, 2012) contains psychometric 
information derived from the initial normative school-aged sample (n = 
1014), reporting internal consistency (α = .95) and inter-rater reliability 
values across parent and teacher forms (r = .77).  Studies have also 
demonstrated good construct validity (Wigham, McConachie, Tandos, & Le 
Couteur, 2012) and concurrent validity with multiple other ASD symptom 
screening and rating scales (Bruni, 2014) 
 
7.4.4 Measure of Gait 
          Data on participants gait profile was collected using the Protokinetics 
Zeno™ Walkway (Protokinetics, Havertown, PA, USA), and collated and 
processed using the accompanying Protokinetics Movement Analysis 
Software (PKMAS).  The Zeno is an electronic walkway (238 x 45.5 inches) 
which measures footfalls using up to 36,684 pressure sensors, arranged in a 
grid pattern at 0.4 inches apart, with a spatial resolution of 0.5cm.  It has an 
active recordable area of 192 inches length by 24 inches width, demarked 
using a coloured vinyl topping which contrasts against a black rubber 
background.   A two metre unrecorded zone is added to both ends of the 
walkway using coloured tape, so as to mitigate any acceleration and 
deceleration effects.  The walkway collects a multitude of spatiotemporal 
gait variables, with Table 2.3 providing definitions of those of interest in this 
research, and Figure 1.1 providing an illustration of select spatial variables.  
These variables were selected upon the basis of being amongst the most 
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frequently utilised in previous studies involving instrumental gait analysis in 
ASD samples, as discussed within the literature reviewed in chapter 4. 
        The Zeno walkway has not yet been used for the measurement and 
analysis of gait data in a sample of children with ASD to the author’s 
knowledge.  However, Lynall, Zukowski, Plummer, and Mihalik (2017) note 
that the Zeno is based on a similar gait analysis system in the GAITRite® (CIR 
system Inc, Clifton, NJ, USA), which has been utilised previously with samples 
of children with ASD (Lim et al., 2016; Nayate et al., 2012; Weiss et al., 2013).  
Studies report good to excellent intraclass correlations (≥ .75) between the 
Zeno PKMAS software and the GAITRite software for the measurement of all 
spatiotemporal gait variables (Egerton, Thingstad, & Helbostad, 2014), and 
good to excellent concurrent validity (Vallabhajosula, Humphrey, Cook & 



























Definitions of Spatiotemporal Gait Variables Collected Using the Zeno Walkway 
Gait variable Definition 
 Spatial variables  
    Stride length (cm) Distance measured from heel point of one 
foot to the next heel point of the same 
foot.   
 
    Stride width (cm) Distance measured vertically between the 
heel point of one footstep and the line of 
progression formed between two footfalls 
of the opposite foot.   
    Y-axis range (cm) Maximum distance travelled laterally in the 
horizontal plane over the complete 
duration of the walk 
 
Temporal variables  
    Cadence (steps/m) Number of footsteps per minute 
    Velocity (cm/s) Distance travelled during total walk divided 
by time taken to complete walk 
 Double support time as percentage of gait 
 Cycle (%) 
      
Duration of time whereby both feet are in 
contact with the ground and both feet are 
simultaneously weight-bearing 
Note: cm = centimetres; steps/min = number of steps per minute; s = seconds, m = minutes; Line 









Figure 3.1 Example of spatial gait variables collected using the Zeno electronic walkway. A 
to B = stride length; C to D = step length; D to E = stride width. 
   
7.4.5 Collation and Processing of Gait Data 
 For each gait trial, the Zeno records the area of sensors activated by 
each individual footfall along the length (X-axis) and width (Y-axis) of the 
mat.  In line with the processing procedure adopted by Thorpe, Dusing, and 
Moore (2005), trials were considered valid if they had ≥ 4 footfalls, and any 
footfalls which came into contact with the unrecorded edges of the Zeno 
were removed.  Contact of any part of the foot on an active area of the Zeno 
mat constituted a footfall, including contact only with the ball of the foot 
(i.e., toe walking).   
For each gait trial the PKmas software calculates a mean, SD and CoV 
value (standard deviation/mean x 100) for all spatiotemporal gait variables 
excluding cadence, velocity and the Y-axis variable.  The SD and CoV values 
for cadence and velocity are calculated separately according to their 
standard formulas.  In line with the procedure used to calculate a Y-axis 
range value for the gait trial by Nayate et al. (2012), the maximum heel and 
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toe Y-axis value is subtracted from the minimum heel and toe Y-axis value.  
Note that only mean and SD values are reported for the Y-axis range.  
For each participant, mean, SD and CoV values for the spatiotemporal 
variables aforementioned are calculated for each trial.  These values are then 
averaged across all trials for each condition, which creates an overall mean 






All assessment sessions were completed at Deakin University 
Burwood Campus, with participants and their parents attending one to two 
60 - 90 minute testing sessions as required.  Parents were provided with a 
copy of the SRS-2 to fill out.  Participants first undertook the gait assessment, 
which initially included the researcher obtaining relevant anthropomorphic 
measurements (height in cm, weight in kg).  Following this, participants 
completed 5 trials of three different walking conditions as follows; (1) 
preferred speed – participants were instructed to walk at their usual pace, 
(2) fast speed – participants were instructed to walk faster than they would 
normally walk, however not to run, and (3) tandem gait – walking one foot in 
front of the other on top of a horizontal piece of coloured tape placed in a 
straight line from the start to the end of the mat.  Prior to undertaking each 
condition participants were provided with a demonstration of the task as 
well as a practice trial to ensure that instructions were understood.  The gait 
task took approximately 15 minutes to complete.  Participants were 
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administered the CELF-4, which took approximately 45 to 60 minutes to 
complete.  Participants were then administered the WASI-II (unless they had 
completed a cognitive assessment within the previous 2 years, and were able 
to provide a copy of the assessment report).  Administration of the WASI-II 
took approximately 30 to 50 minutes to complete.  Participants were allowed 
to take breaks between subtests on both the cognitive and language 




7.6 Data Screening  
 
Data collation, screening and analysis was performed using IBM SPSS 
v21.  Imputation was not used to replace missing data, with pairwise deletion 
used where necessary (n for tests is reported in the results section). Outliers 
in categorical variables  for both groups were assessed for using a 90-10 split, 
with no categorical outliers identified.  Outliers in continuous variables were 
identified by Z-scores of ± 3.29.  Two participants had weight values beyond 
this range, however these were legitimate values so were retained. Thirty 
gait values out of a total of 3232 were identified as outliers, and in line with 
the protocol of Fernandez et al. (2016), these gait values winsorized.  
Assumptions of normality were assessed via inspection of histograms and 
Kolmogorov-Smirnov tests, and homogeneity of variance assessed using 
Levene’s test.  This suggested that weight, as well as all CoV gait variables 
were not normally distributed. 
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Significance tests for all values were calculated using two-tailed tests, 
and an alpha level of .05 used.  Note that it was decided to retain a 
significance value of p = .05 to minimise the risk of Type II errors (Perneger, 
1998; Rothman, 1990), although this does have the effect of increasing the 
risk of Type I errors.     
      Effect sizes for parametric tests were calculated using Cohen’s D, with 
effect sizes for non-parametric tests calculated using an r value derived using 
the following formula: r = z/square root of N, with N equal to the total 
number of cases.  For parametric and non-parametric tests, effect sizes were 
interpreted as .1 = small effect, .3 = moderate effect and .5 = large effect 
size.  The strength of correlations was interpreted as follows; r = .1 - .29 is 
small, r = .3 - .49 is moderate and r = .5 - 1 is strong.  All effect size values 




CHAPTER 8. RESULTS: EXAMINING GAIT FUNCTION IN CHILDREN WITH AND 
WITHOUT ASD  
 
 
This chapter presents the first part of the results for this thesis, which 
involved the use of instrumental gait analysis to characterise the gait profile 
in children with ASD.  Specifically, this section pertains to Aim 1, which was 
to examine for differences in the profile of spatiotemporal gait variables of 
children with ASD in relation to their TD peers.  This was performed across 
the three walking conditions of (1) preferred pace, (2) fast pace and (3) 
tandem gait.   
As a reminder, it was hypothesised that children with ASD would 
demonstrate a reduction in stride length, increased stride width, increased 
lateral deviation and double support time as well as reduced velocity, 
relative to TD participants.  It was also hypothesised that the prior listed 
differences in gait function between ASD and TD participants would be most 
pronounced in the fast pace and tandem gait conditions.    
 
 
8.1 Differences in Gait Function in the Preferred Walking Speed Condition 
 The first set of analyses examined for differences in the profile of 
spatiotemporal gait variables between ASD and TD participants at a 
preferred walking speed, where participants were instructed to walk as 
usual.  Group differences for all mean spatiotemporal gait variables were 
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examined using independent sample’s t-tests.  Group differences for CoV 
spatiotemporal gait variables were assessed using Mann Whitney U tests.  




Mean and CoV Spatiotemporal Gait Values in the Preferred Walking Speed 




ASD (n = 16) 
    M (SD)       
TD (n = 14) 




117.47 (11.51) 128.21 
(17.75)        
.056           
CoV velocity 11.07 (4.85) 7.87 (5.94) .046 
Cadence 
(steps/m) 
129.63(11.23)                          129.17 
(15.86) 
.926 
CoV cadence 6.85 (4.41)  6.70 (4.66) .803 
Stride length 
(cm) 
109.03 (14.11)                            119.34 (11.1)        .036             
CoV stride 
length 
5.16 (4.36)                                   3.78 (2.2)        .244 
Stride width 
(cm) 
8.27 (2.9)                                    7.95 (3.05)    .772 
CoV stride 
width 
39.71 (28.83) 38.32 (30.01)          .678 
Double 
support % gait 
cycle 
20.77 (2.46)                               18.23 (2)               .005 
CoV double 
support % gait 
cycle 
9.48 (4.18) 7.98 (3.38)             .228 
Y-axis range 
(cm) 
21.05 (5.18)                               17.23 (4.2)               .037 
Note. cm = centimetres; cm/s= centimetres per second; steps/m= steps taken per minute; CoV = 
coefficient of variation 
  
 
    No significant difference was observed with respect to the number of 
trials completed by children in the ASD group (M = 4.13, SD = 1.02) or TD 
group (M = 4.57, SD = .76), t(28) = 1.34, p = .191, d = -.49.  ASD participants 
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did however take a greater amount of steps on average (M = 8.74, SD = 1.18) 
than did TD participants (M = 7.82, SD = .78), t(28) = 2.49, p = .019, d = .94. 
At a preferred walking speed the mean difference in velocity between 
ASD and TD participants was not significant, t(28) = 1.34, p = .060, d = -.72, 
however ASD participants were seen to display significantly greater 
variability in velocity U = 64, Z = 2, p = .046, with a moderate effect size r = 
.37.  The amount of steps taken per minute was similar between groups, 
t(28) = -.09, p = .926, d = .03, and no difference was observed for variability in 
cadence U = 106, Z = .25, p = .800, r = .05.  ASD participants also displayed 
significantly greater mean double support values as a percentage of the gait 
cycle t(28) = 3.05, p = .005, with a large effect d = 1.09, with no difference 
between groups observed for variability in double support time U = 83, Z = 
1.26, p = .230, r = .22.      
      Regarding differences in spatial gait variables, ASD participants took 
significantly shorter strides than did TD participants t(28) = 2.20, p = .036, d = 
-.81, with no difference in stride length variability apparent  U = 84, Z = 1.16, 
p = .244, r = .21.  Neither average stride width or variability in stride width 
differed significantly between groups (t(28) = -.29, p = .772, d = .11 and U = 
102, Z = .42, p = .678, r = .08).  ASD participants demonstrated significantly 
greater lateral deviation at a preferred walking speed (M = 21.05, SD = 5.18) 
than did TD participants (M = 17.23, SD = 4.20), as measured via the Y-axis 
range t(28) = 2.20, p = .037,  with a large effect observed d = 0.81.   
An example of a gait trial in the preferred walking speed condition 




a)  Example from the ASD group illustrating shorter strides and increased lateral deviation across the gait trial 
 
  
b) Example from the TD group illustrating consistent spacing between strides and less pronounced lateral deviation across the 
gait trial 
 
Figure 4.1 An example gait trial in the preferred walking speed condition from a participant in the ASD group (a) and TD group (b). 
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8.2 Differences in Gait Function in the Fast Walking Speed Condition 
The second set of analyses examined for differences in the profile of 
spatiotemporal gait variables between groups at a self-selected fast walking 
speed, whereby participants were instructed to walk at a faster pace than their 
normal speed, but not to run.  Group differences for all mean spatiotemporal 
gait variables were examined using independent samples t-tests, and group 
differences for CoV spatiotemporal gait variables assessed for using Mann 



































Mean and CoV Spatiotemporal Gait Values in the Fast Walking Speed Condition 
for ASD and TD Participants 
Fast Walking 
Speed 
ASD (n = 16) 
    M (SD)       
TD (n = 14) 




154.13 (22.43)                        189.75 (34.31) .002 
CoV velocity  6.06 (3.41)                            5.91 (4.54)               .618 
Cadence 
(steps/m) 
153.42 (20.09)                   174.62 (35.29)           .049 
CoV cadence 5 (3.15) 6.55 (4.34)              .339 
Stride length 
(cm) 
120.96 (15.49)                     131.74 (19.54) .103 
CoV stride 
length 
3.91 (2.19)                               3.91 (2.21) .868 
Stride width 
(cm)  
8.32 (3.11)                            6.91 (1.72)   .132 
CoV stride 
width 
37.66 (17.46)                          33.38 (9)                 .589
Double 
support % gait 
cycle 
17.99 (3.27)                            13.84 (3.57)   .002 
CoV double 
support % gait 
cycle 
11.77 (5.01) 11.64 (7.16) .506 
Y-axis range 
(cm) 
19.48 (3.75)                           17.04 (3.58)             .081 
Note. cm = centimetres; cm/s= centimetres per second; steps/m= steps taken per minute; CoV = coefficient 
of variation 
  
Both the ASD and TD group completed a similar number of trials in the 
fast walking speed condition t(28) = 1.80, p = .083, d = 0.66, and no significant 
difference was observed between groups in the average number of steps taken t 
(28) = -1.53, p = .188, d = .50. 
At a self-selected fast pace, participants with ASD walked at a 
significantly slower average velocity (M = 153.42, SD = 22.43) in comparison to 
their TD peers (M = 189.65, SD = 34.31), t(28) = 3.41, p = .002, d = -1.23.  No 
difference was observed for variability in velocity U = 100, Z = .50, p = .618, r = 
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.09.  Mean cadence was significantly lower in ASD than TD participants t(28) = 
2.06, p = .049, d = -.74, although no difference in the variability in cadence was 
identified U = 89, Z = .96, p = .339, r = .17.  Participants with ASD also spent a 
significantly greater amount of time on average in the double support phase of 
the gait cycle, t(28) = 3.30, p = .002, with a large effect size d = 1.21, although no 
difference was apparent for variability in double support time U = 96, Z = .67, p = 
.506, r = .12. 
When examining spatial variables for the ASD and TD group in the fast 
walking speed condition, no significant average or variability based differences 
were apparent.  Specifically, no difference was observed for mean stride length t 
(28) = 1.68, p = .103, d = .61, or stride length variability U = 108, Z = .17, p = .868, 
r = .03.  Likewise, no difference between groups was apparent for mean stride 
width t(28) = 1.56, p = .132, d = .56, or variability in stride width U = 99, Z = .54, p 
= .589, r = .10.  Lastly, no significant difference was observed for the average Y-
axis range at a fast walking speed t(28) = 1.81, p = .081, d = .67. 
 
 
8.3 Differences in Gait Function in the Tandem Gait Condition 
The third set of analyses examined for differences in the profile of 
spatiotemporal gait variables between groups in the tandem gait condition, 
whereby participants were instructed to walk one foot in front of the other at a 
normal pace along a piece of tape spanning the length of the walkway.  Group 
differences for all mean spatiotemporal gait variables were examined using 
independent sample’s t-tests and group differences for CoV spatiotemporal gait 
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variables assessed using Mann Whitney U tests.  Results are presented in Table 
3.3. 
 
Table 3.3  
Mean and CoV Spatiotemporal Gait Values in the Tandem Gait Condition for ASD 
and TD Participants 
Tandem gait 
condition  
ASD (n = 16) 
    M (SD) 
TD (n = 14) 




83.41 (35.05)         127.40 (25.37)       .001    
CoV velocity 20.08 (12.05)       9.32 (6.35) .017 
Cadence 
(steps/m) 
105.35 (30.82)                          132.25 (20.57)      .01 
CoV cadence 13.91 (8.12) 5.49 (5.9) .002 
Stride length 
(cm) 
91.1(22.15)                                  115.16 (14.61)     .001 
CoV stride 
length 
7.18 (3.39)                                    3.96 (1.77) .002 
Stride width 
(cm) 








11.95 (6.25) 9.55 (6.12) .275 
Y-axis range 
(cm) 
11.98 (4.12) 8.11 (1.83) .003 
Note: cm = centimetres; cm/s= centimetres per second; steps/m= steps taken per minute; CoV = coefficient 
of variation.  Data unavailable for stride width CoV due to technical error in recording 
 
      
No difference was observed regarding the number of trials completed in 
the tandem gait condition t(28) = .84, p = 407, d = .31, however the average 
number of steps taken was significantly greater for ASD participants (M = 10.79, 
SD = 2.86) compared to TD participants (M = 8.08, SD = 1.1), t(28) = 3.94, p = 
.002, with a large effect size d = 1.25.   
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 As seen in Table 3.3, significant differences were apparent for all 
temporal gait variables in the tandem gait condition between ASD and TD 
participants.  Mean velocity was significantly lower for ASD compared to TD 
participants t(28) = 3.89, p = .001, d = -1.44, and variability in velocity 
significantly greater in ASD participants, U = 55, Z = .50, p = .017, r = .43.  A 
similar pattern of findings for cadence was observed, with a significantly reduced 
value specific to ASD participants t(28) = 2.70, p = .010, d = -1.03, combined with 
an increased variability in cadence  U = 39, Z = .96 p = .002, r = .55.  Double 
support as a percentage of the gait cycle was also significantly greater for ASD 
participants t(28) = 3.36, p = .003, d = 1.2, however no difference was observed 
regarding variability in double support U = 85, Z = 1.12 p = .262, r = .20. 
      In reference to spatial gait variables in the tandem condition, ASD 
participants took significantly shorter strides than did TD participants t(28)= 
3.55, p = .001, with a large effect size d = -1.28.  Variability in stride length was 
also found to be significantly greater in ASD compared to TD participants U = 39, 
Z = 3.04, p = .002, r = .56.  Again, no difference was identified in mean stride 
width or stride width variability between groups (t(28) = -1.52, p = .140, d = .56, 
and U = 87, Z = 1.03,  p = .299, r = .19).  Children with ASD did however display a 
significantly greater Y-axis range value (M = 11.98, SD = 4.12) than did TD 
controls (M = 8.11, SD = 1.83), t(28) = 3.39, p = .003, with a large effect size d = 
1.21.  An example of a gait trial from the tandem gait condition from each group 






a) Example from the ASD group illustrating increased lateral deviation across the gait trial.  Note also the incidence of toe-




b) Example from the TD group illustrating the maintenance of a straight line trajectory 
 
Figure 4.2 An example gait trial in the tandem gait condition from a participant in the ASD group (a) and TD group (b) 
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CHAPTER 9. RESULTS: EXAMINING THE CLINICAL CORRELATES OF GAIT 
FUNCTION. 
    
 
This chapter presents the second part of the results for this thesis, 
pertaining to Aims 2 - 4, which sought to examine the clinical correlates of 
gait function.  In line with a dimensional approach to exploring these 
relationships, data pertaining to language ability (RLI, ELI & CLS), intellectual 
ability (FSIQ) and ASD symptomology (SRS-2 Total, SCI & RRB) were 
combined for both ASD and TD participants (N = 30)  
 
 
9.1 Relationship between Preferred Walking Speed Gait Variables and the 
Profile of Language Skills  
The first set of correlational analyses examined the relationship 
between spatiotemporal gait variables in the preferred walking speed 
condition and scores on the measures of receptive, expressive and structural 
language.  Pearson’s correlations were used to examine the relationship 
between language ability and those mean spatiotemporal gait variables 
which were identified to differ significantly, and Spearman’s Rho correlations 
used for CoV gait variables which were identified to differ significantly.  







Correlations between Mean and CoV Spatiotemporal Gait Variables and the 
Profile of Language Skills in the Preferred Walking Speed Condition for ASD 




RLI (r, p) ELI (r, p) CLS  (r, p) 
CoV velocity .217, .332 .281, .183 .345, .099 




% gait cycle 
.033, .883 .034, .874 .022, .917 
 
Y-axis range -.206, .357 -.262, .216 -.265, .211 
Note: RLI= Receptive Language Index; ELI= Expressive Language Index; CLS= Core Language Score  
N = 30 
       
As seen in Table 3.4, no significant relationship was identified 
between the mean spatiotemporal gait variable of stride length, with ability 
in the areas of receptive, expressive and structural language (all r ≤ .331, p ≥ 
.114).  Similar findings were observed with respect to the correlation 
between double support time and all aspects of language measured (all r ≤ 
.033, p ≥ .883), and for Y-axis range (all r ≤ .265, p ≥ .221).  Furthermore, no 
significant correlation was observed between variability in velocity at a 
preferred walking speed and receptive, expressive or structural language 





9.2 Relationship between Preferred Walking Speed Gait Variables and 
Intellectual Ability 
The second set of correlational analyses examined the relationship 
between intellectual ability and mean and CoV spatiotemporal gait variables 
in the preferred walking speed condition.  Pearson’s correlations were used 
to examine the relationship between intellectual ability and those mean 
spatiotemporal gait variables which were identified to differ significantly, and 
Spearman’s Rho correlations used for CoV gait variables which were 
identified to differ significantly. 
Results suggested no significant association between variability in 
velocity and FSIQ rs = .195, p = .320.  Likewise, no significant correlation was 
identified between the mean spatial variables of stride length and FSIQ (r = -
.174 p = .376), double support time (r = .054, p = .819) or Y-axis range (r = -
.250, p = .200).   
 
 
9.3 Relationship between Preferred Walking Speed Gait Variables and ASD 
Symptom Severity 
     The third set of analyses examined the relationship between ratings 
of ASD symptom severity and mean and CoV spatiotemporal gait variables in 
the preferred walking speed condition.  Pearson’s correlations were used to 
examine the relationship between ASD symptom severity and those mean 
spatiotemporal gait variables which were identified to differ significantly, and 
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Spearman’s Rho correlations used for CoV gait variables which were 
identified to differ significantly.    Results are presented in Table 3.5 below. 
 
Table 3.5 
Correlations between Mean and CoV Spatiotemporal Gait Variables and ASD 




RRB (r, p) SCI (r, p) SRS-2 Total (r, p) 
CoV velocity 
Stride length 
  .217, .268 
-.343, .074 






% gait cycle 
.418, .027 .456, .015 .448, .017 
Y-axis range .194, .323 .332, .084 .297, .125 
Note: RRB= Restricted and repetitive behaviours; SCI= Social communication and interaction; SRS-
2 Total = Total ASD symptom severity 
N = 30        
 
As seen in Table 3.5, results suggested no significant association 
between variability in velocity and ratings of ASD symptom severity (all rs ≤ 
.217 and p ≥ .268), or for mean stride length and ratings of ASD symptom 
severity (all r ≤ .343, p ≥ .074).  Conversely, greater time spent in the double 
support phase of the gait cycle at a preferred walking speed showed a 
significant, moderate strength association with ratings of RRB symptomology 
(r = .418, p = .027), SCI symptomology (r = .456, p = .015) and overall ASD 
symptom severity (r = .448, p = .017).  Finally, no significant relationship was 
observed between the Y-axis range value and ratings of ASD symptom 
severity (all r ≤ .332, p ≥ .084).   
125 
 
9.4 Relationship between Fast Walking Speed Gait Variables and the Profile 
of Language Skills  
Pearson’s correlations were used to examine the relationship 
between mean spatiotemporal gait variables in the fast walking speed 
condition which were identified to differ significantly, and participant’s 
scores on measures of receptive, expressive and structural language.  Results 




Correlations between Mean Spatiotemporal Gait Variables and the Profile of 




RLI (r, p) ELI (r, p) CLS  (r, p) 
Velocity .336, .529 .114, .595 .135, .529 




-.299, .176 -.115, .592 -.154, .472 
Note: RLI= Receptive Language Index; ELI= Expressive Language Index; CLS= Core Language Score  
N = 30 
 
As seen in Table 3.6, no significant correlation was observed in the 
fast walking speed condition between mean velocity and either receptive, 
expressive or structural language (all r ≤ .336, p ≥ .529).  Similarly, no 
association was observed between mean cadence and receptive, expressive 
or structural language (all r ≤ .302, p ≥ .172), or for double support time and 
any aspect of language measured (all r ≤ .299, p ≥ .176).  
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9.5 Relationship between Fast Walking Speed Gait Variables and 
Intellectual Ability 
 Pearson’s correlations were used to examine the relationship 
between intellectual ability and those mean spatiotemporal gait variables in 
the fast walking speed condition which were observed to differ significantly.   
Results suggested no significant association between velocity and 
FSIQ (r = .057, p = .772), cadence (r = .188, p = .339) or double support time (r 
= -.188, p = .338). 
 
 
9.6 Relationship between Fast Walking Speed Gait Variables and ASD 
Symptom Severity 
Pearson’s correlations were used to assess the association between 
ASD symptom severity and those mean spatiotemporal gait variables in the 
fast walking speed condition, which were identified to differ significantly.   



















Correlations between Mean Spatiotemporal Gait Variables and ASD Symptom 
Severity in the Fast Walking Speed Conditions for ASD and TD Participants  
Fast walking 
speed 
RRB (r, p) SCI (r, p) SRS-2 Total (r, p) 
Velocity -.371, .052 -.313, .104 -.327, .090 
Cadence -.561, .002 -.426, .024 -.455, .015 
Double 
support 
% gait cycle 
.500, .007 .460, .017 .471, .011 
Note: RRB= Restricted and repetitive behaviours; SCI= Social communication and interaction; SRS-
2 Total = Total ASD symptom severity 
N = 30        
 
No significant association was observed between velocity in the fast 
walking speed condition and ratings of ASD symptom severity (all r ≤ .371, p 
≥ .052).  In contrast, significant moderate strength negative relationships 
were observed between cadence and ratings of RRB symptomology (r = -
.561, p = .002), SCI symptomology (r = -.426, p = .024) and overall ASD 
symptom severity (r = -.455, p = .015).  Increased duration of time spent in 
the double support phase of the gait cycle also showed a significant, 
moderate strength positive association with ratings of RRB symptomology (r 
= .500, p = .007), SCI symptomology (r = .460, p = .017) and overall ASD 
symptom severity (r = .471, p = .011).   
 
 
9.7 Relationship between Tandem Gait Variables and the Profile of 
Language Skills  
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Pearson’s correlations were used to examine the relationship 
between mean spatiotemporal gait variables which were identified to differ 
significantly in the tandem gait condition, and participant’s scores on the 
measures of receptive, expressive and structural language. Spearman’s Rho 
correlations were used to examine the relationship between CoV gait 
variables and all aspects of language measured.  Results are presented in 
Table 3.8 below. 
 
Table 3.8 
Correlations between Mean and CoV Spatiotemporal Gait Variables and the 




RLI (r, p) ELI (r, p) CLS  (r, p) 
Velocity .236, .291 .165, .441 .160, .456 
CoV velocity .217, .332 .281, .183 .345, .099 
Cadence .214, .339 .159, .548 .169, .430 
CoV cadence .011, .962 .061, .776 .130, .546 
Stride length .148, .511 .130, .546 .089, .679 
CoV stride 
length 
-.155, .490 -.116, .590 -.041, .849 
Double 
support 
% gait cycle 
 
-.189, .399 -.228, .283 -.240, .258 
Y-axis Range -.563, .006 -.461, .023 -.455, .026 
Note. RLI= Receptive Language Index; ELI= Expressive Language Index; CLS= Core Language Score 
N = 30 
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As seen in Table 3.8, no significant relationship was observed 
between either mean or CoV velocity in the tandem gait condition and 
receptive, expressive or structural language (all r ≤ .236, p ≥ .291, and rs ≤ 
.345, p ≥ .099).  A similar lack of significant association was observed 
between mean or CoV cadence and receptive, expressive or structural 
language (all r ≤ .214, p ≥ .339, and rs ≤ .130, p ≥ .546), plus mean or CoV 
stride length and any measure of language ability (all r ≤ .148, p ≥ .551, and rs 
≤ .155, p ≥ .490).  The duration of time spent in the double support phase of 
the gait cycle was also not found to be associated with any aspect of 
language ability assessed (all r ≤ .240, p ≥ .258). 
In contrast to the aforementioned pattern of findings, significant 
negative correlations were identified between all aspects of the language 
profile measured, and mean Y-axis range scores in the tandem gait condition.  
Specifically, lower scores in the areas of receptive, expressive and structural 
language, were each associated with an increase in the Y-axis range value, or 
the amount of lateral veering displayed across the gait trial.  The strength of 
this correlation was found to be moderate for both expressive and structural 
language, r = -.461, p = .023 and r = -.455, p = .026 respectively, as well as for 
receptive language r = -.563, p = .006. 
 
 
9.8 Relationship between Tandem Gait Variables and Intellectual Ability 
 Pearson’s correlations were used to examine the relationship 
between intellectual ability and those mean spatiotemporal gait variables in 
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the tandem gait condition which were identified to differ significantly, and 
Spearman’s Rho correlations used for CoV gait variables which were 
identified to differ significantly. 
 No significant relationship was observed between either mean or CoV 
velocity in the tandem gait condition and participants intellectual ability (r = 
.277, p = .153 and rs = .195, p = .320), nor between mean or CoV cadence and 
intellectual ability (r = .261, p = .179 and rs = .225, p = .250).    Mean and CoV 
stride length was likewise not found to be associated with intellectual ability 
(r = .242, p = .216 and rs = .133, p = .498), nor was double support time 
significantly associated with intellectual ability in the tandem gait condition (r 
= -.335, p = .081).  Lastly, Y-axis range scores did not appear to be related 
with intellectual ability (r = -.307, p = .111).  
 
 
9.9 Relationship between Tandem Gait Variables and ASD Symptom 
Severity 
 Pearson’s correlations were used to examine the relationship 
between ASD symptom severity and those mean spatiotemporal gait 
variables in the tandem gait condition which were identified to differ 
significantly, and Spearman’s Rho correlations used for CoV gait variables 
which were identified to differ significantly.  Results are presented in Table 






Correlations between Mean and CoV Spatiotemporal Gait Variables and ASD 
Symptom Severity in the Tandem Gait Condition for ASD and TD Participants 
Tandem Gait 
Condition 
RRB (r, p) SCI (r, p) SRS-2 Total (r, p) 
Velocity -.521, .004 -.499, .007 -.504, .006 
CoV velocity .217, .268 .075, .703 .088, .655 
Cadence -.347, .070 -.389, .041 -.380, .046 
CoV cadence .004, .986 -.038, .846 -.032, .871 








.150, .448 .054, .785 .050, .802 
Double 
support 
% gait cycle 
 
.450, .016 .501, .007 .489, .008 
Y-axis range .371, .052 .355, .063 .362, .058 
 
Note: RRB= Restricted and repetitive behaviours; SCI= Social communication and interaction; SRS-
2 Total = Total ASD symptom severity 
N = 30 
 
    
As seen in Table 3.9, significant, moderate negative correlations were 
observed between mean velocity in the tandem gait condition and ratings of 
RRB symptomology (r = -.521, p = .004), SCI symptomology (r = -.499, p = 
.007), and overall ASD symptom severity (r = -.504, p = .006), whereas 
variability in velocity was not significantly associated with any aspect of ASD 
symptomology (all rs ≤ .217 and p ≥ .268).  Mean cadence showed a 
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significant, moderate negative association with SCI symptomology (r = -.389, 
p = .041) and overall ASD symptom severity (r = -.380, p = .046), without any 
association apparent between variability in cadence and ASD symptomology 
(all rs ≤ .038 and p ≥ .846).  Significant, moderate negative relationships were 
observed between mean stride length and ratings of RRB symptomology (r = 
-.583, p = .003), SCI symptomology (r = -.497, p = .007), and overall ASD 
symptom severity (r = -.501, p = .007), but again no significant association 
observed between variability in stride length and any aspect of ASD 
symptomology (all rs ≤ .150 and p ≥ .448).  Likewise, no significant 
relationship was apparent between mean Y-axis range values and ratings of 
RRB symptomology (r = .371, p = .052), SCI symptomology (r = .355, p = .063), 
and overall ASD symptom severity (r = .362, p = .058).  
Significant, positive correlations were observed between the duration 
of double support time and all aspects of ASD symptomology measured, 
suggesting that children who spent longer amounts of time with both feet 
planted on the walkway in the tandem gait condition, typically had greater 
ratings of ASD symptom severity.  The strength of this association was found 
to be moderate for ratings of RRB and overall ASD symptom severity, r = 
.450, p = .016 and r = .489, p = .008, as well as for SCI symptomology r = .501, 













      ASD is a heterogeneous neurodevelopmental disorder currently 
defined by deficits in socio-communicative abilities and restrictive, repetitive 
behaviours and interests (APA, 2013).  Despite advances in our 
understandings of the neurobiological underpinnings of this disorder and 
decades of revisions to the diagnostic criteria, there remains a lack of 
objective markers available to assist clinicians with the diagnostic process 
(Beversdorf, 2016; Esposito & Pasca, 2013).  The identification of such 
markers will require a better understanding of ASD across a wider array of 
functional dimensions and networks (Amaral et al., 2017; Damiano et al., 
2014).  
 Disturbances in motor function are highly pervasive in ASD (Fournier 
et al., 2010), with an early age of onset (Flanagan et al., 2012) and persistent 
course (Travers et al., 2017).  Motor functions are easily measured in an 
objective, non-invasive manner (Anzulewicz et al., 2016), making them 
candidate markers for ASD.  This includes atypical gait, a gross motor 
disturbance that has been described since the first clinical accounts of ASD 
by Kanner (1943) and Asperger (1944).  Although “odd gait” is newly 
referenced as an associated feature of the ASD diagnosis in DSM 5 (APA, 
2013, p.55), a more precise clinical description of this motor feature and its 
correlates is necessary for it to provide clinically useful information on the 
disorder.    
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The overarching aims of this thesis were to further characterise the 
profile of spatiotemporal gait parameters in children with ASD using 
instrumental gait analysis (Aim 1).  Additionally, this thesis aimed to address 
an identified gap in the literature by examining the relationship between gait 
function and key clinical characteristics including the profile of language skills 
(Aim 2), intellectual ability (Aim 3) and the profile and severity of ASD 
symptomology (Aim 4).  Collectively, this thesis sought to further our 
understandings of atypical gait function as a characteristic motor feature of 
ASD, and to provide an insight as to which individuals may be at greater risk 
of gait disturbance and may benefit from early and targeted intervention. 
This chapter begins by discussing the results of this thesis in relation 
to the aims and hypotheses presented, followed by a discussion of the 
implications of the findings with reference to aspects of clinical practice 
including the assessment and diagnosis of ASD.  The final sections explore 
the limitations of this research, recommendations for future research and 
provides concluding comments. 
 
 
10.1 Gait Function and Autism Spectrum Disorder: Aim 1  
 
10.1.1 Spatial Characteristics of Gait 
Prior research involving groups of children with ASD (Anujot et al., 
2015; Vilensky et al., 1981) and adults with ASD (Weiss et al., 2013) has 
noted reductions in stride length relative to groups of similarly aged TD 
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controls.  In support of these findings, and as hypothesised, children with 
ASD demonstrated shorter stride length values relative to their TD peers.  
Note however that in contrast to the studies aforementioned, the present 
findings were derived from samples of ASD and TD participants closely 
matched for height and weight.  As anthropometric differences can influence 
the gait profile (Pierrynowski & Galea, 2001), this lends further support to 
prior findings.    
Increased stride width specific to children with ASD has previously 
been reported in studies by Lim et al. (2016), Nayate et al. (2012) and Nobile 
et al. (2011), all featuring anthropometrically well matched samples of ASD 
and TD children.  In line with these findings it was hypothesised that children 
with ASD would display greater stride width values relative to TD 
participants, however the results did not support this. This discrepancy in 
findings may be due to differences in age, as the children with ASD within 
this research were on average 1.9 to 3.78 years younger than those in the 
aforementioned studies.  This is unlikely however, as stride width has shown 
to be largely independent of age-related effects beyond very early childhood 
(Thevenon et al., 2015).  
Alternatively, this discrepancy may reflect differences in the 
instrumentation used to measure gait.  For instance, the studies by Lim et al. 
(2016) and Nayate et al. (2012) used the GAITRite electronic walkway system 
to measure gait.  This electronic walkway employs the midpoint of the 
footfall to calculate stride width, which is slightly different to the heel point 
value used by the Zeno electronic walkway.  This is further supported by the 
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finding that mean stride width values were greater for children with ASD 
across all walking conditions by up to 1.57cm, a trend in keeping with the 
findings of Rinehart et al. (2006b) and Hallett et al. (1993). 
In keeping with expectations and congruent with the findings of 
Nobile et al. (2011) and Rinehart et al. (2006b), children with ASD 
demonstrated a higher degree of lateral veering whilst walking than did their 
TD peers.  This gait characteristic has also been noted by studies using 
standardised neuromotor measures such as the PANESS (Dziuk et al., 2007) 
and the DWNB (Behere et al., 2012).  However, such measures only provide 
clinicians with a basic means of describing the ability to maintain a straight 
trajectory without any indication of the precise nature of impairment.  
Conversely, the use of instrumental gait analysis addresses this limitation by 
providing a quantitative depiction of this atypical gait characteristic.   The use 
of a standardised unit of measurement further means that clinicians can 
make a more accurate assessment and reliable comparison around this gait 
parameter.     
 
10.1.2 Temporal Characteristics of Gait   
 Based upon prior observations of reduced velocity at a preferred 
walking speed in children with ASD by Lim et al. (2016), it was anticipated 
that the children with ASD in this research would similarly demonstrate 
reduced velocity across all walking conditions.  This hypothesis was only 
partially supported, as a significant reduction in velocity specific to children 
with ASD was observed only in the fast and tandem gait conditions.  This 
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contrast in findings may be due to differences in age (due to average velocity 
increasing from early to late childhood; David & Sullivan, 2005), as the study 
of Lim et al. (2016) featured an older sample of ASD participants whom were 
closer to adolescence than the participants in this thesis were.   
In support of the findings of Lim et al. (2016) and Weiss et al. (2013) 
however, and as expected, children with ASD were seen to spend a 
significantly greater amount of time in the double support phase of the gait 
cycle (or with both feet planted on the electronic walkway) relative to TD 
participants.  This suggests that children with ASD are slower overall in gait 
than their TD peers at a preferred walking speed.   
Altogether, clear differences were observed in both spatial and 
temporal gait characteristics between ASD and TD participants at a preferred 
walking speed.  Possible social and functional consequences of the gait 
disturbances identified in children with ASD are yet to be empirically 
examined.  However, studies by Holloway, Long & Biasini (2018) and 
Pusponegro et al. (2016), suggest that children with ASD whom have poorer 
gross moor abilities also tend to present with poorer socialisation skills.  
Likewise, the integrity of gross motor function has consistently shown strong, 
positive associations with instances of social play and peer interactivity in 
both typically and atypically developing children (Bar-Haim & Bart, 2006; Piek 
et al., 2006; Whittingham, Fahey, Rawicki & Boyd, 2010).  Although these 
aforementioned studies did not measure gait directly, gait is considered an 
important gross motor function (Kraan et al., 2017).  Accordingly, it is 
possible that similar functional consequences may extend from the gait 
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disturbances observed in children with ASD.  For example, reduced stride 
length and increased double support time may make it harder for children 
with ASD to keep up with their peers, possibly leading to exclusion and 
greater difficulties engaging in reciprocal play.   As such, further investigation 
of the functional impacts of gait disturbances in ASD is warranted.          
 
10.1.3 Effect of Altered Gait Conditions 
Minimal differences in the pattern of findings arose when children 
with and without ASD were instructed to shift from a preferred to fast 
walking speed.  This is largely consistent with the findings of Nayate et al. 
(2012) and Morrison et al. (2018), whom also observed minimal changes in 
spatial gait variables between preferred and fast walking speed conditions by 
groups of children and adults with ASD respectively.  One difference in 
temporal gait parameters between groups that was observed in this thesis 
and the study of Morrison et al. (2018), was a significant reduction in velocity 
specific to ASD participants at a fast but not preferred walking speed.   
When comparing the change in mean velocity between the preferred 
and fast walking speed conditions, children with ASD demonstrated an 
average increase in velocity of 37 centimetres per second.  Their TD peers 
demonstrated an increase in velocity of approximately 61 centimetres per 
second.  Within the tandem gait condition, in which participants were 
instructed to ‘walk at your normal speed’, children with ASD reduced their 
velocity by approximately 34 centimetres per second compared to their 
velocity in the preferred condition.  In contrast, the change in velocity for TD 
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children was remarkably small at less than 1 centimetre per second.  As 
discussed shortly, this pattern of a relative reduction in velocity in more 
challenging gait conditions may be reflecting broader disturbances in 
balance, motor planning and execution, or illustrative of specific neurological 
deficits.   
It is possible that the effects of a fast walking speed condition may be 
more pronounced within individuals with other neurodevelopmental 
disorders.  For instance, a study by Papadopoulos, McGinley, Bradshaw, and 
Rinehart (2014) examined this proposal by comparing the gait profile of 
children with ADHD, selected a-priori on the absence of having a comorbid 
ASD diagnosis, and demographically matched TD controls.  These authors 
found no difference between groups at a preferred walking speed, but that 
at a self-selected fast pace children with ADHD walked approximately 27 
centimetres per second faster than their TD peers did.  This contrast poses 
the question as to whether individuals with ASD and ADHD may demonstrate 
unique gait profiles, with differences that are highlighted by altered gait 
conditions.  It is also possible that children with ASD and elevated ratings of 
ADHD symptomology would demonstrate a higher degree of impairment in 
gait performance.  This would be expected based upon findings to suggest 
that children with ASD and higher ratings of ADHD symptomology also 
display greater impairment in fine motor function (Grace et al., 2017).  
However, direct comparisons of the gait profiles of individuals with ASD and 
ADHD, and on the possible influence of ADHD symptomology on gait 
performance in ASD, have not yet been examined. 
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The other gait condition implemented in this research was that of 
tandem gait.  The only other study to incorporate a tandem gait condition 
was conducted by Rinehart et al. (2006b).  These authors observed a 
significantly higher degree of lateral veering specific to similarly aged ASD 
participants in the same tandem gait protocol.  The current research 
replicated this finding, furthermore demonstrating a clear trend whereby the 
differences between ASD and TD participants in overall spatiotemporal gait 
variables were most pronounced in the tandem gait condition.  This is an 
important distinction, firstly as it suggests that tandem gait may be a 
particularly sensitive marker of gait disturbance in children with ASD.  
Secondly, this finding lends support to the hypothesised link between 
atypical gait function and cerebellar disturbance in ASD (Ambrosini et al., 
1998; Hallett et al., 1993).  This is because tandem gait conditions are known 
to exacerbate the disturbances in gait that are typically associated with 
cerebellar related disease (Louis, Rios, & Rao, 2010; Stolze et al., 2002). 
 
 
10.2 Theoretical Considerations of Gait Disturbances in ASD 
There are multiple possible explanations for the distinct profile of 
spatiotemporal gait characteristics displayed by the children with ASD in this 
thesis, which was marked by shorter strides, greater double support time 
and lateral deviation as well as relative decreases in velocity in fast and 
tandem gait conditions.  In practical terms, the aforementioned gait 
characteristics have the effect of maximising stability (Kindregan et al., 2015).  
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This would be consistent with the disturbances in static and dynamic balance 
skills that are also well-documented aspects of the motor profile in this 
clinical population (Fournier et al., 2010; Travers et al., 2018).   
One possibility that has not been directly explored in the literature or 
this thesis, is that these gait characteristics may reflect a fear of falling.  For 
instance, gait characteristics including a reduction in stride length and 
increase in double support time are both found in older individuals who are 
self-rated as being more fearful of falls (Chamberlin, Fulwider, Sanders, & 
Medeiros, 2005; Delbaere, Sturnieks, Crombez, & Lord, 2009).  Likewise, the 
relative decrease in velocity observed from the preferred to fast walking 
speed conditions, is similar in nature to that displayed by adults with 
multiple-sclerosis and traumatic brain injury whom self-report unsteady gait 
(Benedetti et al., 2012).  It is important to note that the reduction in velocity 
displayed by the participants with ASD within this research is not as 
pronounced as in the other clinical groups aforementioned.  However, this 
pattern does raise the possibility that a fear of falling may be an influential 
factor in some of the stability maximising behaviours observed.   
 This is also congruent with the findings of a recent qualitative 
analysis investigating perceived bodily competence in young adults with ASD, 
whereby one participant reported feeling “…unstable sometimes when my 
speed is too high…” (Bertilsson, Gyllensten, Opheim, Gard, & Hammarlund, 
2018, p.49).  Accordingly, future research examining the potential association 




The gait anomalies displayed by children with ASD can also be 
examined through the lens of broader motor and cognitive based theories.  
The sensorimotor theory of ASD suggests that atypical motor skills within this 
clinical population are the product of an “impairment in the pathway 
involving motor activity triggered by sensory stimuli” (Hannant, Tavassoli, & 
Cassidy, 2016, p. 22).  This is considered to disrupt the ability of individuals 
with ASD to plan and execute all aspects of motor functioning, from the 
regulation of timing and consistency of output, to the ability to make 
alterations according to sensory and environmental feedback (Gowen & 
Hamilton, 2013).  This theory has been referenced to explain a variety of 
motor-based deficits observed in ASD samples.  This ranges from increased 
variability and duration in time spent planning movements on point-to-point 
fine motor tasks (Dowd, McGinley, Taffe, & Rinehart, 2012; Rinehart et al., 
2006c), to the slower execution of aiming movements commensurate with 
increasing motor-task difficulty (Glazebrook, Elliott, & Lyons, 2006). 
In relation to the present findings, poorer performance on the 
tandem gait condition specific to children with ASD may reflect broader 
sensorimotor deficiencies.  Specifically, the observed reduction in velocity 
combined with an increase in double support time and lateral veering, may 
be influenced by the greater sensory demands of the tandem gait condition.  
This is because the tandem gait condition requires an additional element of 
movement planning (Stolze et al. 2002; Thatch, 2007), with the constant 
regulation of movement execution according to the visual input of the elastic 
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line being walked on.  These demands are not present to the same extent in 
the preferred or fast walking speed conditions.  
Another theoretical explanation for the gait characteristics observed 
relates to the complex information processing theory of ASD (Minshew & 
Goldstein, 1998).  As detailed by Minshew and Williams (2007), one element 
of this theory hypothesises a retention of localised cortical-connectivity yet 
insufficient longer-range connectivity between cortical regions.  This is 
thought to produce disturbances in higher order functions that require 
complex information processing and integration, such as “...skilled motor 
abilities...”, but leaves intact lower order abilities including “...elementary 
motor skills.” (Minshew & Williams, 2007, p. 999).  Nayate et al. (2012) also 
referred to this theory when explaining prior findings of minimal gross 
spatiotemporal disturbances but more so subtle anomalies in gait variability 
within ASD.  
In line with the complex information processing theory, the results of 
this thesis demonstrated some variability based disturbances in the gait 
profile specific to children with ASD.  However, these variability based 
differences were outnumbered by findings of greater mean or ‘gross’ 
differences in gait, which may be reflecting the influence of clinical 
characteristics including the severity of ASD symptomology, as discussed 
shortly.  Nayate et al. (2012) also observed that gait disturbances within ASD 
were exacerbated in novel walking conditions, which was supported by the 
findings of greater disturbances in the tandem gait condition in this thesis.  
Again, this difficulty with tandem gait may also be suggestive of alternative 
144 
 
mechanisms such as cerebellar or basal ganglia dysfunction, as discussed 
below.   
 
 
10.3 Neuropathological Considerations of Gait Disturbances in ASD 
Disturbances in gait function are often examined and described with 
reference to the hypothesised region of neural deficit (Kraan et al., 2017), 
which typically involves the cerebellum or basal ganglia (Lord et al., 2013).  
Structural and functional impairment of both regions is implicated in ASD (for 
review, see: Hampson & Blatt, 2015; Subramanian et al., 2017) and may 
explain aspects of the abnormal gait behaviours frequently observed 
(Nayate, Bradshaw, & Rinehart, 2005). 
Disturbance to the integrity of the basal ganglia, whether through 
injury or disease process such as in Parkinson’s disease, often produces a 
specific profile of gait behaviours (Starr et al., 2003; Wu et al., 2012).  This 
includes reductions in stride length and walking speed, combined with 
increased double support time (Hausdorff, 2009) and episodes of freezing 
whilst walking (Shine, Moustafa, Matar, Frank, & Lewis, 2013).   These 
characteristics were observed in the gait profiles of children with ASD in this 
thesis, as well as in children and adults with ASD in prior research (Rinehart 
et al., 2006a; Rinehart et al., 2006b; Vilensky et al., 1981; Weiss et al., 2013). 
This may suggest the implication of fronto-striatal and basal ganglia circuitry 
(Nayate et al., 2012), although cerebellar related disease can result in similar 
spatiotemporal gait disturbances (Buckley, Mazzà, & McNeill, 2018).   
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Damage to the cerebellum also tends to be associated with increased 
variability in gait (Serrao et al., 2012), and increased lateral veering whilst 
walking (Rosman, Wu & Caplan, 1992; Salman & Tsai, 2016; Vachranukunkiet 
& Esquenazi, 2013).   Both features were observed in this thesis as well as in 
other groups of similarly aged children with ASD (Nobile et al., 2011; Rinehart 
et al., 2006b), suggesting the implication of cerebellar circuitry.  In further 
support of a potential link between cerebellar disturbance and atypical gait 
function in ASD, was the apparent exacerbation of spatiotemporal gait 
disturbances observed within the tandem gait condition.  A similar 
exacerbation is commonly seen in children who have had surgical resection 
of the anterior cerebellar vermis (Bastian et al., 1998), and in adults with 
cerebellar related disease (Louis et al., 2010; Stolze et al., 2002).       
Although studies by Mostofsky et al. (2009) and Allen et al. (2004) 
have observed atypical cerebellar activation during simple fine motor tasks in 
children and young adults with ASD, investigation at the level of gross motor 
behaviour is currently limited.  Accordingly, further examination of the 
relationship between cerebellar structure/function and gait performance in 
ASD using neuro-imagery techniques may provide an insight into the 








10.4 Clinical Correlates of Gait Function in Children with and without ASD:   
Aims 2, 3 and 4 
The integrity of motor and language functioning is considered to be 
closely related (Iverson, 2010), meaning that disturbances in one domain 
often coincide with disturbances in the other (Gillberg, 2010).  It was 
expected that participants whom scored lower in terms of receptive, 
expressive and structural language ability would also demonstrate more 
severe disturbances in gait function, which the results largely failed to 
support.  This was surprising given previously observed associations between 
poorer gross motor skills and lower receptive and expressive language 
abilities in neurotypical children (Alcock & Krawczyk, 2010; Merriman & 
Barnett 1995), and children with ASD (Hannant, Cassidy, Tavassoli, & Mann, 
2016).  However, other studies have also noted either nil or weak 
correlations between gross motor skills and expressive and receptive 
language outcomes (Campos, 2000; Piek, Dawson, Smith, & Gasson, 2008).  
One other possibility for this finding relates to the age of participants in this 
thesis, as the strength of the association between gross motor and language 
function appears to decrease from early to mid-childhood (Wang, Lekhal, 
Aaro, Holte, & Schjolberg, 2014).  
 Regarding gait specifically, prior research has only examined the 
relationship between the presence of toe walking behaviours and the level of 
language skills.  Studies by Accardo et al. (1992) and Valagussa et al. (2017) 
found that children with and without ASD who display more instances of toe 
walking also tend to display poorer receptive and expressive language 
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abilities.  As neither of these studies examined spatiotemporal gait variables 
nor structural language ability, direct comparison to this research is difficult.  
It is possible that this relationship may not extend to gait when assessed 
using more precise spatiotemporal variables (as investigated for the first 
time in this thesis), although further investigation is required to substantiate 
this.   
The present findings did however indicate that children with poorer 
receptive, expressive and structural language abilities also tended to 
demonstrate significantly greater difficulties with the tandem gait task.  
Given the broader null findings aforementioned, this result must be 
interpreted with caution.  It may however suggest that tandem gait 
performance, a noted marker of difficulty in ASD (Behere et al., 2012; 
Jansiewicz et al., 2006), may be more severely impacted by, and sensitive to, 
the presence of co-occurring language disturbances.  This is a particularly 
interesting finding as difficulties with straight line walking plus disturbances 
in expressive and receptive language ability are well documented in cases of 
cerebellar pathology (Bastian et al., 1998; Bolduc et al., 2011; Tedesco et al., 
2011).  This poses the question as to whether tandem gait performance may 
be more severely impacted in those with an ASD diagnosis (or elevated ASD 
symptomology) whom also have a comorbid language impairment.  Future 
incorporation of a subgroup of children with ASD with a comorbid language 
impairment is thus warranted, and could potentially illustrate a further point 
of phenotypic difference that may assist with diagnosis.        
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Participant’s intellectual ability was not found to be associated with 
any aspects of gait performance across the various gait conditions.  This was 
congruent with the findings of Vilensky et al. (1981) and Nobile et al. (2011), 
both of whom identified no association between intellectual ability and 
spatiotemporal gait variables in similarly aged samples of children with ASD.  
Conversely, Pauk et al. (2017) found that gait performance was significantly 
impaired in children with ASD whom had a comorbid ID, in comparison to 
groups of TD children and children with ASD without a comorbid ID.  
Disturbances in gait are also commonly observed in individuals with a 
primary ID diagnosis (Almuhtaseb, Oppewal, & Hilgenkamp, 2014), and early 
gross motor abilities associated with later academic achievement and 
intellectual abilities in TD children (Bornstein, Hahn, & Suwalsky, 2013).  
Accordingly, despite the null finding of this thesis, it seems likely that gait 
performance would be more noticeably influenced when intellectual ability is 
severely affected, which was not the case for either participant group in this 
research.  To further examine this relationship, future research would benefit 
from the inclusion of children with and without ASD who have an ID 
diagnosis.   
      The final aim of this thesis was to explore how gait function may be 
associated with ratings of ASD symptom severity.  In line with expectations, 
children whom scored higher on ratings of overall ASD symptomology as well 
as in the areas of restricted, repetitive behaviour and socio-communicative 
symptomology, also tended to demonstrate greater disturbances in gait 
function.  The relationship observed between increased gait disturbance and 
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increased severity of restricted, repetitive behaviour is similar to findings 
from other studies involving motor skills ranging from postural sway to finger 
tapping (Radonovich, Fournier & Hass, 2013; Ravizza, Solomon, Ivry & Carter, 
2013).  This could suggest that restricted, repetitive behaviours are linked 
with deficits in motor control and execution (Bodfish, Parker, Lewis, Sprague 
& Newell, 2001), or that restricted, repetitive behaviour and motor 
dysfunction both involve basal-ganglia and cerebellar regions (Lewis & Kim, 
2009; Uljarevic et al., 2017).  
              In the present study, the relationship between gait disturbance and 
ASD severity appeared to be most consistent and pronounced in the tandem 
gait condition, such that children with more severe ratings of ASD 
symptomology tended to take fewer, shorter and slower strides.  This 
provides further support to suggest that difficulties with tandem gait 
performance reflect a characteristic feature of the gait profile in ASD.  
 This pattern of findings appears to be similar to those of Weiss et al. 
(2013), although these authors did not directly examine the nature of this 
relationship.  Rather, they observed the presence of relatively more 
pronounced impairments in gait function, within a sample of young adults 
with ASD whom were selected a-priori based up having ‘severely autistic’ 
ratings on the CARS.  By directly examining the relationship between these 
variables, this research suggests that children with more severe ASD 
symptomology may be at greater risk of gait disturbance, and thus may 
benefit most from targeted, motor-based intervention.  To confirm the 
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nature and direction of this relationship, longitudinal examination is 
warranted. 
According to Leary and Hill (1996), impaired motor functioning and 
socio-communicative abilities are likely to be interrelated, as the ability to 
regulate bodily movements is often integral to our ability to communicate 
and interact with others.  Likewise, Delafield-Butt and Trevarthen (2017) 
suggest that motor disturbances and asynchronicity may produce 
perceptions of incompetence and anxiety, which may then influence social 
withdrawal and avoidance of activities.  This may possibly be reflected in the 
relationship observed between increased severity of socio-communicative 
symptomology and greater disturbances in gait performance in this research, 
again highlighting the importance of intervention to address this cycle.   
 
 
10.5 Clinical Implications 
The findings of this thesis provide a more precise characterisation of 
the spatiotemporal gait profile in children with ASD, and lend additional 
support for the use of instrumental gait analysis to measure objective points 
of difference in the motor profile of children with ASD in comparison to their 
TD peers.  Importantly, these findings addressed some of the key limitations 
observed in prior research.  Firstly, ensuring participants were well matched 
on demographic and anthropometric characteristics suggests that the 
differences in spatiotemporal gait variables observed were likely to be true 
differences and not the product of differences in height and weight.   
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Secondly, replication of the tandem gait protocol used by Rinehart et 
al. (2006b) provided a quantitative depiction of the difficulties in tandem gait 
performance that appear to be exacerbated in children with ASD.  This 
further suggests that the tandem gait protocol may be a sensitive marker of 
motor disturbance in children with ASD, and thus essential to include in 
future research.   
Thirdly, examining the relationship between gait performance and 
the distribution of clinical characteristics common to ASD highlighted a 
potential association between poorer receptive, expressive and structural 
language ability and increased difficulty with straight line walking.  This also 
suggested that increased severity of ASD symptomology was most strongly 
and consistently associated with poorer gait performance overall.  Together 
this means that children with poorer language abilities and greater ASD 
symptom severity may be at greater risk for more severe gait disturbances, 
and thus stand to benefit most from intervention. Collectively, these findings 
have implications for the clinical assessment and diagnosis of ASD, as well as 
for the provision of targeted therapeutic interventions.     
Accurate and early diagnosis of ASD enables earlier intervention, 
which is associated with improved functional outcomes (Elder, Kreider, 
Brasher, & Ansell, 2017; Estes et al., 2015).  However, surveys of medical and 
allied-healthcare practitioners highlight inconsistencies in the methods used 
and factors considered when attempting to establish an ASD diagnosis 
(Taylor et al., 2016), plus concerns over the degree of diagnostic uncertainty 
inherent throughout this process (Skellern, Schluter, & McDowell, 2005).  As 
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further illustrated through the results of this thesis and prior research, the 
gait profile of children with ASD is readily measured in a quantitative, reliable 
manner using instrumental gait analysis.  From a practical standpoint, 
instrumental gait analysis is easily accommodated within the clinical domain.  
This is because electronic walkways such as the Zeno are non-invasive, highly 
mobile and require minimal administrator training to use.  Eventually, the 
identification of phenotypic gait markers for ASD may enable the use of 
simpler methods of observation and measurement to provide diagnostic 
clues, as occurs in other conditions such as Parkinson’s disease.  
On a conceptually broader but immediate level, the clinical utility of 
instrumental gait analysis in ASD lies within its quantitative properties.  Due 
to the heterogeneous nature of this neurodevelopmental disorder, it seems 
likely that tangible progress in assessment, diagnosis and intervention will 
come from large scale, data-driven approaches (Lombardo et al., 2018).  As 
illustrated by increasing efforts to establish large scale neuroimagery and 
genetic databases, it is not unreasonable to foresee the potential utility in 
compiling spatiotemporal gait data from children with ASD in a similar 
capacity.          
The findings of atypical gait function in children with ASD within this 
thesis also highlight the need for motor-based interventions in this clinical 
population (Dowd et al., 2010).  The integrity of gross motor functions such 
as gait appear to be an important factor affecting a child with ASD’s 
perceived competence, desire and ability to engage in physical activities with 
their peers (Bertilsson et al., 2018; Emck, Bosscher, Beek, & Doreleijers, 
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2009).  Limited engagement in physical activities with peers may then result 
in reduced chances to develop motor, social and broader functional skills 
(Mody et al., 2017), leading to a vicious cycle affecting multiple 
developmental domains.  Recent studies have demonstrated that intensive 
motor-based interventions can lead to improvements in motor abilities 
(including locomotor skills) within this clinical population, which appears to 
have a knock-on effect of improvements in social-skills and increased peer-
interactions (Bremer & Lloyd, 2016; Ketcheson, Hauck, & Ulrich, 2017).  
Although preliminary, these findings highlight the need for addressing gross 
motor disturbances, including those in gait, within ASD.    
 
 
10.6 Limitations and Future Research Directions 
This research has a number of limitations that should be considered 
when interpreting its findings.  First, although the sample size within this 
research was comparable to existent gait studies in this clinical population, it 
was still small.  This has a limiting effect of reducing the generalisability of 
findings.  It is worth noting that the mean spatiotemporal gait values of TD 
participants in this research closely approximated those from a large sample 
of primary school-aged children (n = 898) in the same geographical region 
(Lythgo, Wilson, & Galea, 2009).  As such, the TD sample in this research 
appeared to be representative of its broader population, however it is 
important to note that  replication with a larger sample size of ASD 
participants will be required in future.  
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   Second, the presence of ADHD symptomology was not assessed.  No 
participants had a parent reported ADHD diagnosis nor were any taking 
stimulant medications.  However, given the possible additive role that ADHD 
symptomology may have upon motor impairment in children with and 
without ASD (Grace et al., 2017), and the high prevalence of comorbidity 
(Stevens et al., 2016), future research would benefit from measuring for the 
presence of ADHD symptomology. 
  Third, a measure of general motor-skills proficiency such as the 
MABC-2 was not included, limiting the ability to examine for a relationship 
between motor competency and gait performance.  Inclusion of a broader 
motor-skills measure is thus recommended in future. 
   Fourth, the cross-sectional and correlational design of this research 
places limits on the ability to make causal or directional inference.  Future 
research assessing gait function and its clinical correlates longitudinally will 
thus be beneficial. 
   Fifth, confirmation of ASD diagnosis using the ADOS was not 
performed.  Although copies of diagnostic documentation were cited and 
SRS-2 Total Score ratings for all participants with ASD were in the clinically 
significant range, confirmation of ASD diagnosis using the aforementioned 
gold-standard measure is recommended in future. 
            Sixth, although no significant difference between participant groups 
was observed with respect to weight, body-mass index values were not 
recorded and overweight or obese status did not feature as an exclusionary 
criterion.  As excess weight can influence gait function (Shultz, D’Hondt, Fink, 
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Lenoir & Hills, 2014), future research may benefit from statistically 
controlling for differences in weight.    
             Seventh, a measure of muscle tone was not included.  Although no 
participant had a parent reported diagnosis of hypertonia (increased muscle 
tone), hypotonia (decreased muscle tone) or other musculoskeletal 
conditions such as hypermobility, this was not directly assessed.  As 
anomalies in muscle tone such as hypotonia can influence gait function 
(Chester, 2011), inclusion of a measure of muscle-tone is recommended in 
future.    
             Eighth, the Zeno electronic walkway used in this study does not 
provide information of certain kinetic variables such as limb-angles.  
Similarly, it is important to note that the laboratory setting can influence the 
natural gait pattern (Bourgeios, Mariani, Aminian, Zambelli & Newman, 
2014).  As such, gait analysis in a more naturalistic setting may enhance the 
generalisability of findings, although must be weighed against the possible 
confounds of environmental distractions such as sights and sounds that are 
more easily controlled for in the laboratory environment.  
 Finally, in relation to difficulties with recruitment it was not possible 
to include separate subgroups of children with ASD who had a comorbid ID 
or language impairment diagnoses, or distinct subgroups according to ASD 
symptom severity.  Furthermore, the small sample size precluded the ability 
to run correlations for the ASD participant group alone, on gait performance 
parameters with clinical variables including the profile of language skills, 
intellectual ability and the severity of ASD symptomology.  Although this was 
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a limitation in some ways, adopting a dimensional approach in line with that 
of other studies (Connolly et al., 2016; Grace et al., 2017; Stevenson et al., 
2017) provided a more representative spectrum of abilities across these 
characteristics.  Future research combining a categorical approach via the 
inclusion of well-defined ASD subgroups, with a dimensional approach to 
analysing the distribution of motor and clinical variables across the entirety 
of the autism spectrum and related neurodevelopmental disorders, will form 
an important next step in this field of research.   
 
 
10.7 Concluding Remarks 
 This thesis used instrumental gait analysis to examine for objective 
differences in the motor profiles of children with and without ASD of similar 
demographic and anthropometric characteristics.  Results illustrated that in 
comparison to their TD peers, children with ASD displayed a profile of gait 
disturbances characterised by reductions in stride length, increased lateral 
veering and time spent with both feet planted, relative reductions in velocity 
at a fast walking speed plus greater difficulty with tandem gait performance.  
Further investigations of the clinical correlates of gait function suggested that 
children with poorer language abilities and greater ratings of ASD symptom 
severity are at greater risk of gait disturbances, which are most pronounced 
in tandem gait conditions.  Given the small sample size and novel findings 
from the correlation analysis, these results require replication and must be 
interpreted with caution.  However, these findings provide additional 
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support for the recognition of atypical gait as a characteristic motor feature 
of ASD, as well as an important preliminary insight into which individuals may 
be most at risk of gait disturbances and may thus benefit from intervention.  
Investigation of the neurological correlates of atypical gait in ASD, 
comparisons of gait function across other neurodevelopmental disorders and 
longitudinal examination of the clinical correlates of atypical gait in children 
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TO: Parents or Guardians  
 
Plain Language Statement 
Date: 
Full Project Title: Investigating Motor and Language Function in Children with and without 
Autism Spectrum Disorders 
Principal Researcher: Prof. Nicole Rinehart 
Student Researcher:   Mr. Samuel Pearce 
Associate Researchers: A/Prof. Peter Enticott       Dr. Nicole Fowler              Dr. Sarah Jame 
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This Plain Language Statement and Consent Form is 8 Pages long.  Please make sure you 
have all pages. 
 
1. Your Consent 
Your child is invited to take part in this research project.  These pages tell you about the 
research project.  It explains to you clearly and openly all the steps and procedures of the 
project.  The information is to help you decide whether or not you would like your child to 
take part in the research.  Please read this Plain Language Statement carefully.  You can ask 
us questions about anything in it.  Once you understand what the project is about and if you 
agree for your child to take part in it, you will be asked to sign the Consent Form.  By signing 
the Consent Form, you indicate that you understand the information, and that you give your 
consent for your child to participate in the research project. 
You will be given a copy of the Plain Language Statement and Consent Form to keep as a 
record. 
 
2. Purpose and Background 
 What is the aim of this study? 
 
This is a research project being conducted at Deakin University.  The aim is to see how the 
gait (pattern of walking) and language skills of 6 to 11 year old children with an Autism 
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Why is this study being conducted? 
Previous research suggests that motor (movement) abnormalities including “odd gait” 
(pattern of walking), are a key feature of ASD.  Whether other features associated with this 
disorder, including level of language functioning, are related to these motor abnormalities is 
currently unknown.  By trying to get a better picture and understanding of the gait profile in 
ASD, we hope to provide a better understanding of the disorder and to improve on the 
diagnostic criteria.   
 
The results of this research may be used to help Mr. Samuel Pearce to obtain a Doctoral  
degree in Psychology (Clinical). 
 
3. Who is funding this study? 
This research is funded by the School of Psychology in the Faculty of Health at Deakin 
University. 
 
4. What will my child be asked to do? 
Participation will involve attending a single session at Deakin University Burwood Campus, 
and will take approximately 1.5 hours to complete.  Your child will be administered a brief 
intellectual assessment, followed by a language skills assessment, followed by an assessment 
of their gait (pattern of walking) which will involve completing a series of walking activities 
(e.g., walking at preferred pace, fast pace, along straight line) on a rubber mat.  We usually 
find that children find the tasks fun.  If however at any stage your child doesn’t want to 
continue, or wants a break, that is fine. 
You will also be asked to fill out a brief (approx. 10 minute) questionnaire regarding your 
child’s demographic/medical history, as well as to complete a brief questionnaire enquiring 
about any deficits in social interactions that you may have noticed your child displaying. 
All assessments will be conducted by trained researchers from the Deakin University School 
of Psychology (listed at the beginning of this document), and all researchers/staff involved in 
any assessment will have a valid Working with Children Check 
 
Important Note:  The language skills assessment used in this study may sometimes be used 
by speech pathologists to assist in working out whether a child is experiencing difficulties 
with language.  Please note that because we are not speech pathologists we are not able to 
provide any clinical interpretation of test scores.  However, we are able to provide you with 
some broad feedback as to whether your child should have an additional assessment and 
also who to contact.  If you would like information on this matter please fill out the 
additional form titled ‘Request for Feedback’. 
Please note, that the results of our testing may not be accurate so you should contact a 
qualified speech pathologist if you have any concerns about the language development of 
your child. 
Alternatively, we would also be interested to know if your child is currently receiving support 
for a language problem (e.g., from a Speech Pathologist/Therapist).  If he or she is, there is a 
box on the consent form you can tick.  Please note that filling this part of the form is 
completely optional.  Alternatively, you can contact me on the details listed at the end of 
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5. Are there any benefits for me or my child if we agree to take part? 
We cannot guarantee or promise that you or your child will receive any direct benefits from 
this project.  It is anticipated, however, that the results of this project will provide future 
benefit to those diagnosed with ASD. 
 
6. Are there any risks for me or my child if we agree to take part? 
We do not see any risks being associated with this project.  We do acknowledge that some 
children may be particularly vulnerable or unwilling to take part; please be assured that you 
do not have to participate in this study if your child does not want to take part.  Participants 
can suspend or end their participation in the project at any time. 
 
7   Will my child or I receive any compensation? 
Your child will not be paid for their participation in this project.  All participants will however 
go into a prize draw for the chance to win 1 of 2 $50 Coles vouchers as a small gesture of 
appreciation for the contribution of their time to participate in this study.  Participants will 
be reimbursed for their parking expenses if parking at Deakin University, Burwood Campus. 
 
8.  Privacy, Confidentiality and Disclosure of Information 
The information collected through this project will remain strictly confidential, and can only 
be disclosed with your permission, subject to legal requirements.  Only the research team 
listed will have access to information collected from your child.  If you give us your 
permission by signing the Consent Form, we plan to publish the group results of this project 
in scientific peer reviewed journals.  In any publication, information will be provided only at 
a group level i.e. ‘children with ASD displayed a shorter stride-length on average than 
children without ASD’.  Hardcopies of all records will be stored in secure filing cabinets at 
Deakin University and data stored on computers (password protected) will be accessible 
only by the researchers listed on this form. All data collected through this project will be 
stored at Deakin University for at least 6 years after the study findings are published, after 
which it will be securely destroyed.  
 
9.   What information will I receive? 
At the conclusion of this project, you will be mailed a summary detailing the main findings 
from this project.  If desired, you will also receive a free summary report from your child’s 
brief intellectual assessment (please tick the corresponding box on the consent form 
attached), as well as feedback from your child’s performance on the language skills 
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10.   Participation is Voluntary. 
Participation in the project is completely voluntary. Information will only be collected from 
families who have provided written consent for themselves and their children. Your decision 
about whether you and your child take part or not, or take part and then later withdraw, will 
not affect your relationship with Deakin University in any way.  If your child decides to 
withdraw from this project, please notify a member of the research team or complete and 
return the Revocation of Consent Form attached. 
 
11.  Ethical Guidelines 
This project will be carried out according to the National Statement on Ethical Conduct in 
Human Research (NHMRC, 2007) produced by the National Health and Medical Research 
Council of Australia.  This statement has been developed to protect the interests of people 
who agree to participate in human research studies. The ethical aspects of this research 
project have been approved by the Human Research Ethics Committee of Deakin University. 
 
12.   Complaints 
If you have any complaints about any aspect of the project, the way it is being conducted or 
any questions about your rights as a research participant, then you may contact: 
The Manager, Ethics and Biosafety, Deakin University, 221 Burwood Highway, Burwood 
Victoria 3125, Telephone: 9251 7129, research-ethics@deakin.edu.au 
Please quote project number [2016-031]. 
 
13.   Further Information, Queries or any Problems 
If you require further information, wish to withdraw your participation or if you have any 
problems concerning this project, you can contact the principal researcher or another 
researcher responsible for this project including: 
 
Mr. Samuel Pearce: 0432 808 462 
                                                      Prof. Nicole Rinehart: 9244 5084 
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Samuel Pearce, Provisional Psychologist, Doctor of Psychology (Clinical) Candidate 
School of Psychology, Deakin University 
E-mail: spe@deakin.edu.au 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
TO:  Parents or Guardians of Children with and without ASD 
Third Party Consent Form 
(To be used by parents/guardians of minor children, or carers/guardians consenting on 
behalf of adult participants who do not have the capacity to give informed consent) 
Date:  
Full Project Title: Investigating Motor and Language Function in Children with and without 
Autism Spectrum Disorders 
Reference Number: 2016-031 
 
I have read and I understand the attached Plain Language Statement. 
I give my permission for my child …………………………………………………… 
to participate in this project according to the conditions in the Plain Language Statement.  
I have been given a copy of Plain Language Statement and Consent Form to keep. 
The researcher has agreed not to reveal my identity and personal details or the identity and 
personal details of the person for whom I am providing consent, including where 
information about this project is published, or presented in any public form. 
Optional:   
  □ I agree to be contacted regarding par cipa on in future studies at Deakin 
University. 
  □ I wish to receive a free summary report of my child’s performance on the 
intellectual   
      assessment 
               □ My child has/is already receiving support for a language problem by a speech  
                    pathologist/therapist 
Participant’s Name (printed) …………………………………………………… 
Name of Person giving Consent (printed) ……………………………………………………   
Relationship to Participant: ……………………………………………………… 
 
Signature ……………………………………………………… Date  ………………………… 
 
Please return to:     Mr. Samuel Pearce, Deakin University Burwood Campus, 221 Burwood 




School of Psychology 
Deakin University  
221 Burwood Highway 
Burwood, Vic, 3125 
 
TO:  Parents or Guardians of Children with and without Autism Spectrum Disorder 
 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date:  
Full Project Title: Investigating Motor and Language Function in Children with and without 
Autism Spectrum Disorders 
Reference Number: 2016-031 
 
I hereby wish to WITHDRAW my consent and my child’s consent to participate in the above 
research project and understand that such withdrawal WILL NOT jeopardize my relationship 
with Deakin University or the Melbourne Children’s Clinic. 
 
Child’s Name (printed) ……………………………………………………. 
 
Parent/Guardian’s Name (printed) ……………………………………………………. 
 
 
Signature ………………………………………………………………. Date …………………… 
 
 
Please return to:     Mr. Samuel Pearce, Deakin University Burwood Campus, 221 Burwood 

























School of Psychology 
Deakin University  
221 Burwood Highway 
Burwood, Vic, 3125 
 
TO:  Parents or Guardians of Children with and without Autism Spectrum Disorder  
 
REQUEST FOR FEEDBACK 
 
      Date:  
      Full Project Title: Investigating Motor and Language Function in Children with and 
without Autism        
       Spectrum Disorders 
       Reference Number: 2016-031 
 
As I mentioned in the letter if you would like feedback on your child’s performance on the 
standardised language tests complete and sign this form and leave a telephone number so 
you can be contacted when testing is completed.   
I,  ______________________________________________  [please print your name] 
 
hereby request feedback from my child’s performance on the standardised language test.   
 
Your Child’s Name:________________________________. 
Child’s Date of Birth:_________________ (day/month/year). 
 
Contact phone number: _________________________ 
  
 Signature:___________________                         Date:_________________ 
 
Please return to:     Mr. Samuel Pearce, Deakin University Burwood Campus, 221 Burwood 














Appendix D: Online Advertisement  
 
Investigating Motor and Language Function in children with and 
without Autism Spectrum Disorder 
Researchers:  Mr. Samuel Pearce, Prof. Nicole Rinehart, Dr. Jarrad Lum. 
 
Study aim/background:  Previous research suggests that motor (movement) abnormalities 
including “odd gait” (pattern of walking), are a key feature of ASD. Whether other features 
associated with this disorder, including level of language functioning, are related to these 
motor abnormalities is currently unknown. By trying to get a better picture and 
understanding of the gait profile in ASD, we hope to provide a better understanding of the 
disorder and to improve on the diagnostic criteria. 
 
Who can participate: Children aged 6-11 years with or without an ASD diagnosis. 
 
What is involved for participants: Participation will involve attending a single session at 
Deakin University Burwood Campus, and will take approximately 1.5 hours to complete. 
Your child will complete a brief intellectual assessment, language skills assessment, followed 
by an assessment of their walking profile which will involve completing a series of walking 
activities (e.g., walking at preferred pace, fast pace, along a straight line) on a rubber mat. 
This study has been approved by the Deakin University Human Research Ethics Committee. 
Contact: If you are interested in participating, have any questions or would like more 
information, please contact the researcher below: 
 




Prof. Nicole Rinehart (principal researcher) 
Email: nicole.rinehart@deakin.edu.au 
Telephone: 02 9244 5084 

























































Appendix F: Paediatric Clinic Letter of Invitation 
 





Dear Mr and Mrs  
 
We invite your child ......................... to participate in a study of gait (walking profile) and 
language skills in young people who have an Autism Spectrum Disorder (ASD) 
 
The aim of this study is to find out more about why some children with ASD display a unique 
gait profile in comparison to children without ASD, and whether these differences in gait are 
associated with level of language skills.  Enclosed is a detailed plain language statement 
outlining the research being conducted. 
 
The research would involve attending a single session of approximately 1.5 hours at Deakin 
University, Burwood Campus, whereby: 
 
□ Your child will complete a brief intellectual assessment, language skills assessment, 
followed   
        by an assessment of your child’s gait (walking) profile.   
 
□ You will complete a brief questionnaire enquiring about any deficits in social 
interactions that you may have noticed your child displaying.  
 
If you would like more information about this project, please complete the attached ‘letter 
of interest’ form and return it in the stamped, self- addressed envelope*.   
 
Alternatively you may wish to contact Mr. Samuel Pearce on 0432 808 462 to find out more 
information about this project.   
 
You are of course under no obligation to be involved in this research project and whatever 






Name of Clinician 
 
*Note:  Researchers from the study will be following up this letter of invitation with a phone 
call to ensure the letter has been received, and to give you an opportunity to ask questions 
about this study.  If you would not like to have any contact with researchers, please respond 
to this letter via the three available methods (phone, email, postal mail – see attached ‘letter 
of interest’ for more information). 
 
 
School of Psychology 
Deakin University 
221 Burwood Highway 






“Investigating Motor and Language Function in children with and without Autism 
Spectrum Disorders”. 
 
Are you interested in finding out more information about this research study?  Would 
you like to be contacted to discuss this research further? 
 
□ Yes, I wish for my child to be considered for inclusion as a volunteer in this research 















□ No*, I do not wish for my child to be considered for inclusion as a volunteer in this 
research project.  Please do not contact me to discuss this project further. 
 
If you do not wish for researchers from this study to follow up this letter of invitation with a 
courtesy phone call, please ensure you advise us via email, telephone or by posting this form 
back to us: 
Email: spe@deakin.edu.au 
Telephone: 0432 808 462 









   
  Childs Name: 
  Date of Birth:  
  Parents/Guardians Name: 
  Contact Telephone Number: 




  Date: 
214 
 














Appendix H: Letter of Invitation to School Principal 
School of Psychology 
 
Deakin University  
221 Burwood Highway 




My name is Samuel Pearce and I am a student from the Deakin University Doctor of 
Psychology (Clinical) program.  As part of my degree, and under the direct supervision of 
Professor Nicole Rinehart, Associate Professor Peter Enticott and Dr. Jarrad Lum, I will be 
undertaking a study which is investigating for potential differences in the gait (walking) 
profile and language skills of children aged 6 to 11 with an Autism Spectrum Disorder (ASD), 
and a typically-developing comparison group of children from the community and local 
schools. 
 
The results of this research will hopefully improve the clinical diagnosis of ASD and provide 
a better understanding of this complex neurodevelopmental disorder. 
We would like to invite a small number of primary school children (6-11 years of age) from 
schools in the Melbourne metropolitan region to take part in this study.  Please note that that 
this study requires NO resources from schools with respect to time or staff.   Participants will 
be asked to attend a single assessment session, whereby they will complete three separate 
measures as part of the study (taking approximately 1.5 hours to complete), which will be 
conducted at Deakin University, Burwood Campus.   
 
These assessments include brief, standardized and age-appropriate assessments of intellectual 
functioning (the Wechsler Abbreviated Intelligence Scale, 2nd edition), a brief language skills 
assessment (the Clinical Evaluation of Language Fundamentals, 4th edition), as well as a 
series of walking activities (e.g., walking at a preferred pace, at a fast pace, on a straight line) 
on a rubber mat.  Parents will be asked to fill out a brief questionnaire on their child’s 
developmental/medical history, at a time of their convenience, taking approximately 10 
minutes to complete. 
 
This research project has been approved by the Department of Education (Victoria), 
and the Deakin University Human Research Ethics Committee (DUHREC).  Letters of 
approval are attached. 
 
Also attached is a brochure explaining this project in more detail, as well as an advertisement 
flyer. 
 
We would greatly appreciate your involvement in this study.  If you would like to discuss the 
possibility of your school being involved in this Deakin University research, please contact 
myself on 0432 808 462/+61 432 808 462 or via email at spe@deakin.edu.au. 
I look forward to providing a follow up phone call to this correspondence the week beginning 




Mr. Samuel Pearce, Provisional Psychologist, Doctor of Psychology (Clinical) Candidate 
CC. Prof. Nicole Rinehart, Professor of Psychology (Clinical) 
School of Psychology, Deakin University, 221 Burwood Highway, Burwood, VIC, 3125 
 
